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XYTAP 34.27.19

N.K. Teiabibaesa*, K.I'. Au, 3.C. Capmypsuna

KP BFM K ”Muxpoopzatiusmepdir, pecnybrukarvik koirekyuscol” PMK, Acmana, Kasaxcman
*Bbatiranvic ywin agmop: indiara@mail.ru

Opraabik KazakcTaH KbIMBI3BIHBIH MUMKPOOTBIK KYPaMbIH aHBbIKTay

Anpatna. Koo — Oue cymiter aAbIHAMOIH CYyMKULKbAOLL oHim. Opmarvix Asusda
KeHiHeH KoAdaHviAamvliH 0acmypAl cycoit. Onuiy Kypamuinda 0apymenoep, OUONOZUSIALIK
Oeacendi sammap xare mypAi muxpopzarusmoep 0ap, cor cebenmi deHcayAvikka ome nardarvl
den canaradvl. Hezisinen, Koimui30vl auioimyea Xayanimol MUKpoopzaHusmoep cym KolulkulAdbl
baxmepusiaap 00avin mabviradv. Keiidoip CKB mex npoduomuxmep peminde 2ana Kvismem emin
KOUMALiObl, COHLIMEH KAMAp OUOAOZUAALIK KOHCEPSAHT pemitde KOADAHDIAADYL, S2HU OAAPIbIH
ysax cakman mypy cuskmuvl naudaivl ewdipicmix  xabiremi Oap. Ocvl  sepmmeyde
MUKpoopzaru30epdi Kulmvls Cym Kbl kblAJbl OHIMIHEH 0OKULAYAAN aAdbLK. Opi oAaplLlH, mypAepi
Mmuxpockon adicimern Oazarandvi. AHK yazirepi 0oAinin aiviHvin, api Kapai 2eHemuKaAvlk
udenmudurayus xypzisiadi. Convimen, xvimols mazam emiminen 16S pPHK zeni Oottviriua
Lactobacillus brevis, Acetobacter tropicalis, Lactobacillus plantarum, Lactobacillus delbrueckii,
Lactococcus lactis, Enterococcus  faecalis, Leuconostoc fallax, Staphylococcus —hominis
udeHmMuPuKayusAadlL.

Tyitin cesaep: Oakmepusrap, MuKpockon, Kopekmix opma, MUKpoopzanusmoep, cym
KbUKOIAILL  OakmepusAap, UdeHMuPuKayusray, AaKkmoOaKmepusAap, mypaep, npaimep,
unxyoayus, CKb.

DOI: 10.32523/2616-7034-2022-140-3-6-13

Kipicne

KeiMbI3 (MOHFOAIIA appar, umre >KoHe aiipar) - Opraablk Asusga KeHiHeH KOAJ4aHbLAaTbhIH
ASCTYPAi >KoHe >KOFapbl KYHapAbl aIlbITHIAFaH CYT CychbIHBL. KpIMBI3 yiige alIbITy TeXHOAOIMSCHI
KOMeTiMeH >KaHa cayblAFaH Ome cyTiHeH aabIHABL OHBIH eMJ4ik KacueTTepi KypaMblHAa >KeHia CiHeTiH
aKybl3gap, Maildap, KeMmipcyaap, JA9pyMeHAep MeH OMOAOIMAABIK OeaceHAl 3aTTapAblH OoAybIHa
OartaanpicTsl [1]. KbIMBI3 MaaImIblaap MeH OAapAblH OTOachbLAapblHa ASCTYPAi KellneaAi eMip caAThl
JKoHe >KalldayAblH CYyBIK KAMMAaTblHAa aMaH KaadyFa MYMKIHAIK OepeTiH KOpekTik 3aTTapra 0aii,
TOABIKKAHABI paljoH 00AbIn caHaaaAbl. KpiTaliga TypaTelH MOHFOAJAp Aa KBIMBI3ABI TaFaMABIK A9pi
AeTl caHalAawl [2].

AmpIThiAFaH Ome CyTiHIH cakTaayblHAa (epMeHTaTUBTI MUKpOOpraHM3MAep IIeHIylli pea
aTKapabl. bya Mukpoopranmsmgep KaTapblHa CYT KBIIIKBIAABI OakTepusaap, Cipke KbIIIKbLABI
OakTepusAapbl >koHe ambITKbl eHedi. CyT KbImKbAAb Oakrepusaap (CKDB) rpam-mosutmsti, Tepic
KaTaJla3aAbl )KoHe KeMipCyAbl allIbITYAbIH HeTi3TIi eHiMi peTiHje CyT KBIIIKBLABIH ©HAipeai [3].

Taram KypambIHAaFbI ~MUKPOOpPraHM3MAEp TaraMHBIH — JoMiHe, XOII MiCiHe, cakray
TYpPaKTBLABIFBIHA JK9He TiIlTi TaraMABIK cartackiHa acep eryi MyMkiH [4]. CKB mraMaapbl AakTo3aHbl
KOHBepcusAay >KoHe alllBIThLAFaH CYT ©HiIMAEepiHiH CiHiMAiAiriH >KakcapTy KaOideTiMeH cuIlaTTalalbl
[5]. Oaap aHTMMKpPOOTHIK KacuerTepre me, ce0ebi KeH criekTpai aHTuOmnotuxrep eHgipeai. CKb-apH
OiprraMace! KayiIcis opraHmnsM peTiHJe >KoHe ajdaM JAeHcayAbIFbIHa Kayill TOHAIpMeliAl Aell TaHblaaAbl
[13]. JKaamsr cumnarramace! OoribiHIIa CKB cyT KBIIKBIABIH HeTisri ©HiMi HeMece KaHT aIlIBITY ©OHIiMi
peTiHAe eHaipe aaaThiH MuKpoopranusm [14]. Kasipri yakeirta 91eM OoiibIHIIIa TPOOMOTUKTEP ac
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KOPBITY >KYMeCiHAe, MMMYHOAOTMAABIK >KoHE PeCHUpaTOpAbIK KBI3SMETiHAEe MaHBI3ABI POA aTKapybl
MYMKiH >KoHe JKYKIIaabl aypyAapAblH aldAblH adyFa MaHbI3Abl DOAybl MYMKIH Jell HacuxaTTaayaa [15].
TaOuru >xoHe eHJeAMereH TaraMJapra TYTBIHYIIBLAAPABIH CYPaHBICHIHBIH apTyblHa OallaaHbICTHI
XUMMSABIK KOCHaJapAblH OpPHBIH OacaThlH HeMece o04apabl KOAAaHYABl asaliTaTbhIH TaFaMABIK
KOHCepBaHTTap peTiHAe TaOUFM MHIMOUTOpAapAbl KOAAaHyFa YAKEH KBI3BIFYIIBLABIK TyABIpABI [16].

KpIMBI3ABI alIbITyFa >KayalThl MUKPOOPTaHM3MAEp CYT KbIIIKbIAALI OakTepusaap OOABIIT
tabpraaapl. Kenbip CKB Tek mpoOMOTUKTEp peTiHAe FaHa KbI3MeT eTill KOIMaligbl, COHBIMEH KaTap
O10A0IMAABIK KOHCePBAHT peTiHAe KOAJAaHbLAaAbl, SFHM OAapAbIH Y3aK caKTall TYpy CHUSAKTHI HalijaAbl
eHAipicTik Kkabiaeri Gap [6].

9aerre, CKb cyT, ipimIIik, eT, cychlHAApP MeH KOKOHicTep CHMAKTBI KOPEeKTiK 3arrapra Oail
optasapaa Tabnaaapl. ConsiMen katap, CKB TombIpakTaH, KeadepaeH, >KaHyapaap MeH ajaMJapaaH
ilek >Koa4apbIHaH 0eaiN alyfa 0OAATBIHABIFHI AdaeajeHreH. Oaap ekeadeH Oepi TaraM >KoHe >KeM
(pepMeHTaIMACH YIIIiH KOAAaHBLAFaH, JKoHe Kasipri Kedge 01apAbl a3bIK-TYAiK KoHe JKeM oHepKaciOiHAe
OacThl alIBITKBI peTiHAe 941 Ae KoaAaHaab! [7].

Kasipri keszae Oapabik ayHme >xysi OoiibiHma CKB-apiy mamamen 90-HaH actam  Typi
okmiayaanraH [8]. EH aaramn peT cyT KBIIKBLABIHBIH OaKTepusAapsl CyTTeH OeiHin aapiHFaH [17, 18].
3aMaHaym yakbITTa >KaHa IIPOOMOTHUKTEPAL, dcipece Keitdip AaMBbIMaraH TypAepAi CKPUMHUHI XKYpPrizy
TYpPaKTHI ToXKipuOere alfHaAAbI.

KbIMBI3ABIH MMKpPOOTBIK, KYpaMBbIH 3epTTey FBIABIM YIIiH CO3Ci3 KBISBIFYIIBIABIK TYyAbIpaAbl.
Makaaasa KbIMBI3 TaFaMABIK ©HIMi KypaMbIHAAFbl MUKPOOPTaHU3MAEpPAl aHbIKTayAbl MaKcaT TYTTBIK,.
I'enorumnreyre HerisgeareH nAeHTHdUKanus daici peHOTUNTIK Oearisepre HerizaeareH A9CTYpAi d4icke
KaparaHJa AdAipeK HOTIDKe OepeAi.

XKaapiraTTap MeH aaicrep

3eptreyae Opraanik KazakcraHHaH aabIHFaH KBIMBI3 YATiAepiH KOA4aHABL.

Cym wviuxoiAdor dakmepusrapdvt Oerin ary. CyT KBIIIKBLAABI OaKTepusapAblH >KacylllalapblH
>kuHakray ymiH MRS cyliblK KOpeKTiK opTachiHa allbITBIAFaH CYT OHIMAEpiHiH yAriaepi eHrisiagi
(Manosa-Rogoza-Sharpa, HiMediaLaboratoriesPvt.Ltd.).

CyT KBIIKBIAABL OaKkTepusAapAblH Tasa KyAbBTYpPachlH aAdy YIIiH OalibITy KyABTYpachIHBIH
CTepUAbAL TY3Abl €piTiHAigeri OH ece CYWBIATBIAYBl AaliblHAaAaAbl, COJaH COH OCBI ©CIMAIKTiH
cotikecinme 100 mka (10-° nemece 10¢) epitingici Terrpi3 MRS agar xopekrik opracsiHa (Manosa-Rogoza-
Sharpa, HiMediaLaboratoriesPvt. Ltd.) enrisiaai. bapasik eriaren xyapTypaaap Tepmocrarra +37° C
TemniepaTypada 48 carar Ooiibl mMHKyOamusaaHAbl. KyabTypasapapiy 0acka MUKpOOpraHM3MAepAeH
Aapa, Ta3a ecyi MUKpOCKONTHIK I'paM aiciMeH aHBIKTaAABI.

Ocipiaren Myukpoopranmamaepais Lactobacillus TybICbIHa >KaTaTBIHABIFBIH MMKPOCKOII HerTi3iHAe
aHBIKTaAbL: Kacyllla MOp(OAOTHUACH], KO3FaAFBIIITHIFbI, CIIOpadapAbiH 00AMaybl Hemece OOAYBbI.

baxmepusavix AHK-nvt 0eain ary [19]. 1,5 Ma Teyaik Ooibl ©ckeH OaKTepus KyAbTypadapblH
nenTpudyraga 13 Moy aiti/MuH. 2 MuHyTh. CyllepHaTaHT aAbIHBII TacTanAbl JKacymaaap 547 mxa TE
1x epitingicine caapiHagbl. 20 MKa AnzonuM (10 Mr/ma) Kysamer3. ApaaacsTeipsi, 80 munyT rpu 37° C
KosMBbI3. 30 Mka 10% SDS xene 3 Mxa mportennasa K (10 mr/ma) kocambrs. ApaaacTeipein 2 carat 37
rpaayc nnkyOarusaaimseis. 100 mxa 5M NaCL koceimn, apaaacrsipamers. 80 Mxa CTAB/NaCL kocambla.
Apaaacerrpsin, 10 MuHyT 65 rpagycra ycranmsais. 750 MKaA XA0podopMa/M30aMIA0BOTO CIIMPT KOCAMBI3.
Apasacreipamers, nenrpudgyraga 10 mmnHyT 13 MBIH. aliHaapiM  OeaMe TeMmIepaTypachiHAA
altHaAAbIpaMbI3. Tasa mpobOmpkara cymepHaTaHTTHI aybIcThIpaMbis. 500 MKa xaopodopm/m3oamua
COMPT KOCHIII apaAachIThIphn, IeHTpudyraga 10 munyr 13 MbpIH ajiHaabIMAa aitHaaAbIpaMbis. Tasza
IpoOupKara CylepHaTaHTTHl aybIcThIpaMbld. 0,6 Mearep msomnpomnadoa (300 MKaA) KOCHII, ak TyHOa
OoaranIa apaacteipambis. Llenrpudyraga 10 munyt 13 MbIH aliHaabIMAa aliHaAAbIPaMBI3.
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CymniepnatananTtsl aasin tacran, AHK-ube1 500 Mxa 70 % sTanHoaMeH masameis. Ilaiiga 6oaraH
AHK rtyn6acein 100 mxa TE 1x epitingise epitemis. 60 rpagycra 30 MUHYT KbI3AbIPaMBbI3.

16S pPHK cenin xoadana omuvipuin zenomunmey [20]. ITTP xocmacs:: 13,8 mxa H20
(AHKaza/PHKasza-), 3 mxa Oydep 10x Tagpolymerase, 3mka 25 MM MgClz, 3 mxa 2 MM dNTP kocnacer,
1 mxa 8F mpaiimep (10 nmmoans/Mxa), 1 mxa 806R mparimep (10 mmoas/mka), 0,2 mxa TaqPolymerase
5U/mka. Keaeci maptrrap Oorsiamta IITP xyprisiaeai-0acranksr geHarypanms - +952 C 5 munyT, 30
nnka: +95° C — 1 munyT, 552 C 1 munyT, +72° C 1 MuHYyT, y3apTeiaysl - +72 °C 10 MunyT. DaexTpodopes
[T P-tpoaykros niposoauan B 1,5 % araposa reainge IITP-ammandukamms eHiMaepin saexrpodepsi
Kyprisizeai.

[TP-amnauduxauus (dedpocpopuruposarive). AMnandukas XypreH peakiusAbK KOCIajarsl 5'-
coHABl docdaTTel TONTH Aedpochopnanpaeyai apKTUKaablK acmasHiapAbiH 0,5 OipaikTi ciaTiaik
docdataszace (ShrimpAlkalinePhosphatase, Fermentas) 37° C temniepatypaga 30 MuH MHKyOarusaay
>KoHe api Kapait nHaktupanusAaay 85° C temneparypada 10 MUHYT KBI3ABIPY apKbLABI XKYPTisiaai.

16S pPHK zenin cexeeruprey. Tikeaeit HyKA€OTMATIK Ti30eKTiAiKTi aHBIKTay OHAIpYIIiHIH
HycKayabIFbiHa cait BigDyeTerminator v 3.1 CyclesequencingKit (Koaaganbaansr 6moxyiieaep) KoaaHa
oteipbil CoHerep agici KeMmeriMeH >Xyprisiadi. AAbIHFaH HyKA€OTUATIK TisOekrti Taajayra SeqScan
OargapaaMaablK KaMTaMachl3 eTy IakeTi KoajgaHblagbl. TisOekrepai caavicteipy NCBI maaimerrep
OazacpIHAA JKYpriziaai.

Hatmx eaep MEH TaaKblldayadap

Kyprisiaren >KyMmbpIcTap4blH HoOTIDKeCiHAe Tasda KyAbTypadapAblH 42 IITaMMBI  aAbIHABL
Mop@oaornsaasx cunarramacel OoripiHIa MRS THIFBI3 KOpeKTiK oOpTachlHAAa ©CKeH >KaycllaJap
Lactobacillus spp. TyBICBIHBIH CHIIaTTaMCBIHa AalbIK >Kacyllla OKIIayAapbIHBIH TYCi KOHBIP-CApFBIIII,
JKMeKTepi Teric, OeTi >KbIATHIP, KOHCUCTeHIMACH KyMcakK. MRS cylibIK KOpeKTik oprackiHAa ecipreHje
JKacyIaJapAblH  KepiHici Keaecigeil: KOpPeKTiK OpTaHBIH OapAblk Ooiibl OONBIHINE, TYTiKIIeHiH
KaObIprachl OolibIMeH, TyOHiHAe TyHOa Ty3eai.

Kacymmaaapapiy Ta3aAbIFbIH >KoHe TYBICTBIK, CUIIaTTaMachlH MUKPOCKONTHIK 9iCIIeH aHBIKTaABIK.
I'pam oaici keMeriMeH rpam oOH, Tiz0eKkTeain HeMece Oip-OipAeH >KeKe dapa OpHaJacKaH TasKIIaAbl MeH
KOKK Topi3ai 4oMasak MiNIiHAiL >KaycIladap eKeHi aHBIKTaAAbL SIFHM, bepasku moaimerieci GoitbIHIIA
Lactobacillus spp. nen Lactococcus TybIChIHA >KaTaTbIHBIH aHBIKTaABIK.

CyT KBIIKBLAABI DaKTepusilap TasKIIa Topiszai HeMece goMadaK KOKK Topi3Ai, Tepic KaTaslaszaadsl,
KO3FaAMailTbIH, TOMOQEpMEeHTaTUBTI HeMece reTepopepMEeHTaTUBTI >KoHe asjall KBIIIKBIAADIK
KarJaiija eceTiH MUKpoopraHuaMmaep [9]. 3epTrearen KyabTyAadap HeTidiHeH Y3BIHABIFBI, KaABIHABIFBI
MeH OpHa/acCy CUIIaThIMEeH epeKIleJeHeTiH TasKIlalapdaH Typaabl 1 TOIl - TasKIIasap >KeKe >KoHe
Ti30eKIleH opHaJacKaH, 2 TOI - TasKIlladap Ca4 XKiHilllKeaey, KaacTepaepde, KOC-KOCTaH OpHaJacKaH.
Eki TonThIH OakTepusAaphl Aa CIiopa Ty30enAi.

MuKpockonThIK 3epTTey oa4ici OakrepusaapablH TeK TypAiK KacueTTepiH FaHa aHBIKTayFa
MYMKiHAIK Oepeai. JKyMmbic OapbIChiHAa 3epTTeAill OTBHIpFaH YATidepAi AaKToOakTepusl TypaepiHe
JKaTKbI3ABIK. A TypllledepiH aHBIKTay YIIiH KOCBIMINA 94iC KOAJaHyAbl Tadan eTeai. OKIllayaaHbIIl
aJblHFaH OaKTepusJlap YATICiH opi Kapall reHeTMKaAablK uaeHTnduxanumsaaay yuin 16S pPHK renin
CUKBMHIPAEY 94iCiH KOAAaHABIK.

MRS cyiiblk opTachlHa OTHIPFBI3faH KyaAbTypadapabl snneHgopd 1,5 Mka mpobupkasapbiHa
KYIBII, TYHOA OTBIPFBI3Y YIIiH IeHTpudyraga 13 MbIH aitH/MMH. 2 MMHYT aifHaAABIPABIK. A/ABIHFaH
OakTepus >KacyIlladapbIHBIH TyHOackIHaH HycKayJlaMa KoadaHy apkblabl AHK Geain aaapik. beainin
aapiaraH /AHK xonnenrpanuscern ND-2000 (thermofisher) cnexktpodoromerpinge eareaix. SrHu,
AHK xonnenrpanms meaiepi 200-500 Hr apaabIFbiHAa O0AABL.

®enotunTik Geariaepre HerisgeAreH AacTypAai agicke Kaparanaa 16S pPHK renin cuksuHmpaey
apKbLABl nAeHTUgUKaIsAay 94ici g9aipek HaTKe Oepeai [10]. 16S pPHK renniH Ti3OeKTik Taaaaybl
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Kasipri yakpITTa OakTepmsaapAbl aHbIKTay MeH JKiKTeyaiH KeH TaparaH aJici 0oapin Tabblaaabl. 1994
xp1adaH Oacran 16S pPHK renaik Ttizberine 97%-aaH acraMm yKcacTeIFb Oap IItamMmaap Oip Typre
Katagpl genn  caHadaabl [11]. Oxmayaanem  aapiaran  AHK  yarizepimen xyprisiaren ITTP
amrandukanys HotmKecinge mamamen 800 K.H. pparMeHTTepi aAbIHABL.

Ocor  seprreyde, ©Oeainin  aasmran  JAHK  yarizepinin  IITP  ammandukanmscer
SFAGAGTTTGATCCTGGCTCAG xone 806RGGACTACCAGGGTATCTAAT mnpaiimepaepai KoasaHa
OTBIPBINT XKYpridiaai. I'enorunrey natmokecinge Optaablk KaszakcraH eHipiHeH >KMHAABII aAbIHFaAH
KBIMBI3 YATiCiHeH Keaeci OakTepusiaap O©AiHIN aAbIHABL:

Lactobacillus brevis- 35,7 %;

Acetobacter tropicalis-4,7 %;

Lactobacillus plantarum-11,9 %;

Lactobacillus delbrueckii- 21,4 %;

Lactococcus lactis- 9,5 %;

Enterococcus faecalis-7,1 %;

Leuconostoc fallax- 2,3 %;

Staphylococcus hominis- 7,1 %.

AapIHFaH HYKA€OTUATIK TizOekTiaikTi BLAST MaaimerTep OasachiHa eHrisin, 3epTTeaill OThHIpFaH
yAriZepaiH TypAik KacueTTepiH aHBIKTaAbIK. 3epTTey >KYMBICBIHBIH HOTVIKeciHAe, KBIMBI3 YATiAepiHae
AakrobaIuadasapAblH Keaeci Typaepi Oaceim ©oaasr: Lactobacillus brevis, Lactobacillus plantarum,
Lactobacillus delbrueckii. A3 meamepae Acetobacter tropicalis, Enterococcus faecalis, Leuconostoc fallax,
Lactococcus lactis mraMMAapsI Ke34€eCTi.

KopsITBIHABI

bue cyTiniHg MUKpOOTBIK KypaMbIH 3epTTey FBIABIM YIIIiH CO3Ci3 KBI3BIFYIIBIABIK TyAbIpAbl. COHFBI
>KblAJapbl OMe CYTiHiH MUKPOOTBIK KYPaMBbIH 3epTTeyTe KbI3BIFYIIBIABIK aifTapAbIKTall apTThl, aF3aHbIH
MMKPOOTHIK, TpOpUAiIHIH KOMIIO3MIMAABIK KYPaMBIHBIH ©3Tepyi apacblHAarbl OaildaHbIC TypaAabl XKaHa
FRIABIMU JepeKkTep maiiga 00aAbl. AKIIapaTThlH >KOKTBIFBI OmMe CYTiHiH >KoHe OHBIH aIllbIThLAFaH
TYBIHABLAAPBIHBIH JeHCcayAbIKKa Ialigaabl KacHeTTepiH aHbIKTayFa, COHAaii-aK MMKPOOTHIK KypaMMeH
DallaaHBICBIH Taljay¥a MYMKIHAIK OepeTiH Ke3 KeATreH TY>KbIpbIMFa epekiiie MoH Oepeai. KasakcranHbg
9PTYPAi aliMaKTapblHaH aAbIHFaH OMe CYTi >KoHe OHBIH alllbIThIAFaH TYBIHABLAAPBI FRIABIMU 3epTTeyAep
y1iH Oipereit 6uoMaTepuaa.

Kasakcranga eH aarall >KypridiareH KbIMBI3ABIH MeTareHOMBIH aHBIKTay >KYMBICBIHAA AKMoOJa
00ABICBIHAH aABbIHFAH KBIMBI3 KypaMbiHAa Lactobacillus TybIcbiHa >KaTaThlH Oacka OakTepusidap >KoHe
Dacka 4a CYT KBIIIKBIABL OeAaiHill aabplHFaH. ATall aifTKaHAa OakTepusaapAblH Keadeci Typaepi
Lactobacillus diolivorans, Lactobacillus acidophilus, L. casei, L. curvatus TyKbIMAACBIHBIH aIIBITKBICH (62,4%)
>koHe Saccharomyces cerevisiae (37,6%) [12]. ABropaapablg mikipiHIe, KbIMbI3ga OachIM TYypAepAiH
CaABICTBIPMAaAbl TYpAe a3 AMalla3oHbl Oap, MbIcaabl, L. helveticus >xoHe Lc. lactis. KpIMBI3 KBIIIKBLA,
COHABIKTAH KBIIIIKBIA OpTa OHBIH caKTay Mep3iMiH y3apTyfa KeMeKkTeceai, ceGebi kemTereH
AakToDaKkTepuslap MpOOMOTUKTEP OOABII CaHAAAABI JKoHE OMOAOTUAALIK OeACeHAl 3aTTapAbl IIBIFapa
azaApl. bya MUKpOOTBIK KypaM KBIMBI3ABIH A€HCAYABIKTHI KaKcapTaThIH acepiMeH Oail1aHbICTBI 0OAYBI
MyMKiH [21]. Myansasartu sxymbiceiHAa 165 pAHK cexBennpaey HaTikeaepi 6ya TonrapAbl YIIT TYBICKa
6eaai: Lactobacillus, Staphylococcus sxxane Ochrobactrum [1].

Komvpiz  Ttaram  eniminge Lactobacillus spp. ©oaybl KypaMBIHAQFBI KOPEKTIK 3aTTapAblH
O1O>KeTiMAIAIriH apTThIpaAbl JKoHe KOHCepBaHT KbI3MeTiH aTkapaabl. OCbl 3epTTeyaeH, alllbITbLAFaH Oue
CYTi, SIFHM KBIMBI3 CYTKBIIIKBLAABI OaKTepusiaapra Oail getr Oiaemis.

3epTTey >KYMBICBIHBIH MaKCaThl KBIMBI3ABIH MMUKPOOTHIK KypPaMBIH aHBIKTay 0044b1. COHBIMEH,
Opraasik Kasakcran eHipipHiH KBIMBI3 yAriciHeH OeaiHin aapiHFaH 42 mITaMMHSBIH iminge Lactobacillus
brevis, Lactobacillus plantarum, Lactobacillus delbrueckii Typaepinen 6acka a3 Meartepae Acetobacter
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tropicalis, Enterococcus faecalis, Leuconostoc fallax, Lactococcus lactis mramMAapsl Ke3aecei.

Kezaemekre CKb 0OmoTexHOAOIMAABIK ©HAipicTe KOAjaHbLAa adaAbl. bue cyTiHIH MUKpPOOTBIK
KypaMbl MeH OHBIH KacueTTepiMeH 0allaaHBICBI TypaAbl aAblHFaH OiaiMal >KOFaphl — cartaabl
}YHKIIMOHAAABI TaMaK ©HIMAepiH eHAipyJe, COHBIMEH KaTap >KaHa OMOTEeXHOAOTMAAapAbl AaMBITYAa
KoagaHyra Ooaaabl. ConbiMeH, KasakcranHplH op aliMarblHaH aAbIHFAH OMe CYTiHIiH MMKPOOTBIK
KYpaMBbl JKaHa ITaMMAapAbl Taby¥a MyMKiHAIK Oepea.

Kapxbpraanapipy. Makasa OR11465530-OT-21 «OnaipicTik MUKpOOpraHusmaep KoAAeKINsAChIH
KYPY >KoHe TOABIKTBIPY, OMOTeXHOAOTWs, MeAUITMIHA KoHe ayblA IlapyalllbLAbIFbl KaKeTTiAdiKTepi yIIIiH
OoAapAblH ~ OMOAOIMAABIK  SPTYPAidiriH  3epTTey KeHe cakTay» OargapaaMaablK-MaKCaTThl
Kap>KbLAaHABIPY >K0Oachl OOVBIHIIA FRLABIMM-3epTTeY SKYMBICTaphl asChIHAA.
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LK. TemabiOaesa, K.I'. An, 3.C. CapmypsnHa
PI'II «Pecnybaukatrckas korekyus muxpoopzarusmos» KH MOH PK, Acmana, Kasaxcman

Onpeaeaeﬂme MI/IKPO@HOI‘O COCTaBa KyMbICa I_leHTpalleOI‘O Kaszaxcrana

Annorams. KympIc - 9TO KIMCAOMOAOYHBIN IPOAYKT U3 KoOblabero Moaoka. Ilpeacrabaser
coboi1 TPaAMLIVOHHBIN HAIIMTOK, INMPOKO ucroAab3yemelii B Cpeaneit Asun. OH cogep>KUT BUTaMUHBI,
O1oA0TMUeCcK) aKTUBHBIE BelllecTBa UM Pa3AMYHble MUKPOOPTaHU3MBI, ITIODTOMY CUMTAETCS I10A€3HBIM
AAs1 340poBbsl. OCHOBHBIMJ MUKPOOPTaHM3MaMM, OTBETCTBEHHBIMI 3a OpO>KeHMe KyMBICa, SBASIOTCS
MoaouHOKucAbple OakTepun. Hexoropsie MKbB mcnoan3yiorcss He TOABKO KakK IPOOMOTUMKM, HO U Kak
Ouoaormyeckre KOHCepBaHThL. B cBomx mccaeqoBaHmaX MBI Bhldeanan Oakrepun poja AakTrodaimaa us
KyMmbIca. ITpoBoanan MUKpOCKOIMpOBaHMe MCCAeAyeMBIX IITaMMOB 110 I'paMMy, Takke onpegeasan
BUAOBYIO IIPMHAAAEXKHOCTh ceKBeHuposaHueM. Takum oOpasom, OblAM UAEHTU(PUIIMPOBAHBI BUABI
OaxTepuit poaa Lactobacillus brevis, Acetobacter tropicalis, Lactobacillus plantarum, Lactobacillus delbrueckii,
Lactococcus lactis, Enterococcus faecalis, Leuconostoc fallax, Staphylococcus hominis c McIIOAb30BaHIEM
aHaansa ¢pparmenra resa 16S pPHK.

KaioueBbie caoBa: ©Oakrepum, MMKPOCKOIN, IHUTaTeAbHas cpela, MUKPOOPTaHMU3MBL,
MO/AOYHOKMCABIEe OaKTepuy, nAgeHTu(UKas, AaKTo0alAAbl, BUABI, Ipaiimep, uukyoamus, MKb.
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Opmanrvrk Kasaxcmarn KulMbl3bIHbIH, MUKPOOMblK KYpambit aHblkmay

LK. Tynybayeva, K.G. Lee, Z.S. Sarmurzina
Republican collection of microorganisms, Astana, Kazakhstan

Analysis of the microbial composition of koumiss in Central Kazakhstan

Abstract. Koumiss is a fermented milk product made from mare's milk. The Koumiss traditional
drink is widely used in Central Asia. It contains vitamins, biologically active substances, and various
microorganisms. Therefore it is considered beneficial for health. The main microorganisms responsible
for the fermentation of kumis are lactic acid bacteria. Some LABs are used not only as probiotics but also
as biological preservatives. In our studies, we isolated bacteria of the genus lactobacilli from koumiss.
The authors carried out a microscopic examination of the studied strains according to Gram, the species
was also determined by sequencing. Thus, the species of bacteria of the genus Lactobacillus brevis,
Acetobacter tropicalis, Lactobacillus plantarum, Lactobacillus delbrueckii, Lactococcus lactis, Enterococcus
faecalis, Leuconostoc fallax, Staphylococcus hominis were identified using 16S rRNA.

Keywords: bacteria, microscope, nutrient medium, microorganisms, lactic acid bacteria,
identification, lactobacilli, species, primer, incubation, ICD.
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XITAP 34.35.33

AM. 3apgaraan', A K. JKamanrapa?, C.K. MyxryOaesa?, ®.K. JKancerit?

/1.H. Tymunres amoindazvl Eypasus yammork ynusepcumemi, Acmana, Kasaxcman

2«Acmana bomanuxarvix 6azo» - Kasaxcman PecnyOauxacol Dkorozusl, 2e0A02usl Kate maduzu pecypcmap munucmpaizi Opman uapyauiviAblevt
Kate xanyapaap dynueci komumeminin «bomanuxa xare pumourmpodyrxyus uncmumymul» LIDKK PMK ¢uiuarv, Acmana, Kasaxcman
3«Dxocepsuc-C» XKUIC Ppuruarvt, Acmana, Kasaxcman

*Bbatirnanvic ywin agmop: z.a.aizhan1993@gmail.com

Taaabikea keagepi XyieciHiH Ky3ri aabrogaopacel >KaHe cy-Xafaaay eciMAikTepi

Anpaatna. Maxarada Yaxer sxore Kiwi Tardvikoa koAdepini, Kysei arbzopropact xame cy-
Kazaray ocimiikmepin sepmmey HamuxeAepi Keamipirzer. 3epmmey Hamuxeci 00UbIHULA K32
arvzopropa HomusxKeci 00ULIHULA KY32i AAb20PAOPACHINA, UuaHO0aKmepUsIAapIbL Koca areanda, 36
myp «ipedi. Bardvipaapdviry xen 0eAizi  Oema-mesacanpoOmor mypaepze xamadvi. Kiui
Tardvikerde MypAIK AAYAHMYPAIK meMeH 00AJvl, 0A Kys2i Me3zirde KOAJiH IKOAOZUSABIK
KazdativiHviy HAwap exendizin Kepcemeoi.

Cy-xazaray ecimdikmepinin 11 myxoimdacman 35 myp kesdecedi. epmmerzer opviHIapovir
cyxazaray ecimoixmepine nezisinen Opmarvix Kasaxcmanda xui Kesdecemin apam uionmep mem
adsermuemi ecimdikmep Kkipedi. Kayvimdacmuvikmazol Kokvicmol ocimOikmep 3epmimeazeq
aumaxma Kepi acep emedi, OAAp apam wienmepdir, maparyoina ceben 60Aadvl.

Tyitin  cesaep: arveopaopa,  0ardviprap,  cy-kazaray — ocimOikmepi,  canpooOMuviAblk,
Ououndurayus.

DOI: 10.32523/2616-7034-2022-140-3-14-24

Kipicme

Kasipri yakbITTa Kadadap MeH ©OHEpPKoCIITIK KoCIIOphIHAAPABIH JaMyblHa OallaaHBICTBI CY
DKOKYlieaepiHe aHTPOIIOTeHAIK JKYKTeMeHiH apTybl OalikalaAbl.

Kasakcran PecriyOamkacbiHAa ecinn keae KaTKaH ypOaHAaAyABbIH >KapKbIH MBICaAbl - ayMarbl
797,33 xM? 60AaThIH, KAPKBIHABI AaMBIII KeJe >KaTKaH MeTranoAanc - AcraHa Kaaachl >koHe 2020 >KbLaAbIH
aAFfanIkel KeeHinde xaaksl 1 136 156 agam 60aawr [1,2].

Taaapikea keai Ecia eseninin OacceliHiHe >KaTaAbl >KoHe TaOUFM KaJdaAblK >KaOBIK Cy KOVMachl
0oabII TabbLAaABL, OYA Cy KOMMAaCHIHBIH Cy pecypcTapbiHbIH KoaeMi 1maMameH 4,815 man M3, cy GeTiHiH
aysanbl 6,019 xkm?, aa oprama tepenairi 0,80 m. HaTtpuit MeH kaamit Ty3JapbIHBIH OachiM OOAybIHa
OaliaaHBICTBI ©Te Aac 0oAbIl TaOblAaAbl, ©MTKeHI OyA Kada VIIiH arblHABI Cy KOMMachl OOAfaH.
bykapaablk akmapaT KypaadapblHaa Kada Owmairinig YakeH Taaabikea men Kimri Taaawikeasin 6ip
OeiriH pexpealMsAAblK aliMaKKa alfHaAABIPY HMeTi Typaabl akllapar Ilailda ©0a4bl, OHBIH iITiHAe
9KOAOTMAABK TypusMm yimiH. Tapuxu gepexrep OoitbiHIa Taaabikea Oip-OGipiMeH OaliaaHBICKaH
Kea4epAiH TyTac Tiz0eri 6oaraH. Y1 kea Gip -OipiHe rmapaaieab OpHaJAacKaH >KoHe dyesKalifa arlapaThiH
Tac >KOAABIH aliHaAMa aliMarblHAA KOCBLAFaH, OAapAbIH apacklHAa TyOek O6oaraH. Taaapikea xeai 1970
Kkp1apl 1leamHOrpas KaAacChIHBIH aFbIHABI CyAapBIHBIH Oy-OyaAaHABIPFRINIBIHA aiiHaaAbl. 2015 >KbLabl
KeaAiH OeTiH TaszapTy VIIH aBCTPUSABIK TEXHOAOTUMS OONBIHIIA Ta3apTy KOHABIPFBICEL MeH
yABTPAKYATIH CyAbl 3a1aACBI3AaHABIPY KOHABIPFLICHI caablHABL Ocbl Ke3dge Taaaplkeare arbIHABI
CyAapApbl arbI3y TOKTATBLAAB [3, 4].

Ocrorran 6aliaaHBICTH KOA4ePAiH Kasipri >KarAailbIH 04apAbl MEKeHAENTiH TMAPOOMOHTTap KoHe
Cy-Xarasay ©ciMgikTepi apKblABl 3epTTey MaHBI3ABL. buomHamkamus —yIOiH = KOAJaHBLAATBIH
HpICaHAApABIH 0Oipi - Oaaawipaap. Cy eciMAiKTepi MMKpPOCKONMAABIK, OaagblpaapMeH Oipre cyanl
oTTeriMeH OaifbITaabl, KOMipPKHIIIIKbLA Ta3bIHBIH KOHIIEHTPAIVACHIH, KBIIIKBIAABIKTE peTTeidi, CyAblH
MIHepaAAbl KypaMblHa >KoHe Cy OOBeKTidepiHiH OYKiad IMAPOXMMUAABIK peXUMiHe acep eTeji.
OcimMaikTepaiH IOKTHIFBIHAA KaHyapAapAbIH KoOeloiHe JKoHe KapKbIHABI ©CyiHe BIKIIaA eTeTiH KOAailAbl
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TeMIlepaTypaAblK >Kafjaiidap MeH ra3 pexumi KaapmTacagpl. Cyra OaTKaH ecimMaikTepaiH ecin kKeae
JKaTKaH aliMarblHAQ QUBMKAABIK-XUMUSABIK IIPOLIECTEP alllBIK >KepAepre KaparaHga KapKbIHABI
Xypeai. byran ecimaikrepaiH e3epi raHa eMmec, COHBIMEH KaTap OJAapAblH AacTaHybl (Iepun@UTOH),
COHJall-aK ToOFaildapAa, IAaHKTOHABI >KoHe TOMEHI1 OpraHmusMJepae TiplIidik eTeTiH Oakrepmsaap
KeMeKTecesi. MakpodurTepaiH ToFaliAapbIHAAFH )KaHyapAap MeH eCiMAiKTepAiH TypAik apTypAiairi cy
KOJIMAaCHIHBIH alllbIK OeJiriHe KaparaHaa aa4eKaiiga >korapel [5]. Makasaga Kimri Taaapikea xeaiHiH
Cyapl KoHe >Karaday OCIMAIKTepiHiH WHAUKATOPABIK TYpAEpPiHiH TaKCOHOMMSABIK, KypaMbl
cumaTTaAfraH.

3epTTey MaTepuaaaaphl XKaHe dicTepi

3eprrey Mmarepuaanl perige Kimni >xene Yaken Taaapikea keagepinge 2020 >KblaablH KaszaH
aliblHAa aAblHFaH MUKpoOaaAbIpAap KypaMblHa apHaAfaH Cy ChblHaMaJdapbl, >Karaday >KoHe KYPABIK
eciMaikrepi Koaaanblaapl. eprreareH Kimrn skene Yaken Taaapikea Keaaepi Kyiieci 3epTrey
yuyackeaepine 0eaingi, Kyprateiaran Kimi Taaapikea xeaine 5 yyacke, cyaanras Kimni Taaapixkeare 7,9
ydackeaep, YakeH Taaabikeare 1,2 yaackeaep xipeai.

Cy cpiHamasapbplH ady, MaTepuaadapabl >KMHAy >KoHe ©HJey TIuApoOmoAorusaja >KaAIbl
KaObL14aHFaH d4icTep OOMBIHIIA XKYpriziaai [6].

bia 22 cy cpiHamacblH 3epTTell OTBHIPBII, 0aaAplpAapAblH TYpAepiH aHBIKTay AaHBIKTAFBILI
Kypaagapasl [7-12] sxene Armed XS >kapbIK MUKPOCKOIIBIH KOAAaHy apKbLABI JKY3€ere achIpbLAJBL.

Typaepain aayan Typaiairin sepTrey KesiHAe CyABIH JAacTaHybl KepceTKimTepiHiH Oipi -
Caageuexrtiy esrepriayimen Ilantae Bykk saicTtemeci apKbLAbI callpOOTHIABIK MHAEKCI Ae aHBIKTAAABI
[13,14].

Kypasbikrarsl cy->Karaday eciMAiKTepiH 3epTrey OapbIChIHAQ ©CIMAIKTEP KaybIMAACTHIFbIHBIH
pAOPUCTUKAABIK KYPaMBbl, 0AapAblH AOMUHAHTTaphl MeH CyDJ4OMMHAHTTaphl, COHBIMEH KaTap eciMAik
KayBIMAACTBIKTAphl 00A4BI. ©OcCiMAIK >KaMBIAFBICEI TeOOOTAaHMKAABIK 3ePTTeYAiH Ad9CTypai oicimeH -
eciMaikTep KaybIMAACTBIFBIHBIH CUIIaTTaMachIMeH 3epTreadi. HelcaHAbl 3epTTey MapIIPYTTHIK 94icIeH
Kyprisiain, OMoTonTapAblH alyaH TYpAidiriH (AaHAIIa@THIK-DKOAOTUAABIK JKaFjaiilap) KoHe oJapra
ToH (uToIeHo3Japabl KaMThiAbL KaybIMaacThIKTapAbl CHIIaTTaraHAa (PAOPUCTUKAABIK KypaM,
eciMAiKTepAiH TOIBIPAKTHIH ITPOEKTUBTI 5KaObIAYbl, TYPA€PAiH Tapaaly CUIIAaThl, ©CIMAIK >KaMBLAFbICBIHA
dcep eTeTiH DKOAOTUAABIK KoHe aHTPOIIOTeHAiK (pakTopaap eckepiagi. OciMaikrepaiH TaKCOHOMMAABIK
OaliaaHBICH ©CiMAIKTepTe apHaAFaH HYCKayAblK IteH «KazakcraH (paopachiH» aHBIKTAFBIIIBIH KOAJaHY
apKbLABI Kypblaas! [15, 16].

Erep keaaiH Kasipri MMKpoOaaablpaapAblH TaKCOHOMUSAABIK KYpPaMBbIH TapuxXiu JepeKTepMeH
CaABICTBIPCAK, CAaHABIK KYPaMBIHBIH ©3repreHiH OaliKayFfa Doaaapl. Aaaiiga, >KOFraphlaa anTbhlAraHAav,
Oya MayChIMABIK AMHAMUKAHBIH KOpiHici 604ybI MyMKiH [17].

MuxkpobaaabipaapAblH TaKCOHOMMSAABIK KYPaMBIHBIH a3 0oAyblHa KapamacTaH, 0i3 oaapAbIH
caraablK Kacuerrepi Typaasl MaaiMeTTepAi HeTisTe ada OTBIPBII, Cy OObeKTiAepiHe calrpoOMOAOTUAABIK,
Taajayaap Xyprisaik [18].

3epTTey HaTIDKeAepi MeH TaaKblaay

Maxkasaaga GpUTOINAaHKTOHHBIH eH a3 TypAaik Kypamsl Kimi Taaasikeaain 5, 9 yuackecinge 604451
5-mm1i ygackege 12 tysicran 15 Typ, aa 9-ydackese 6 TybIicKa >KaTaTblH 7 TYP aHBIKTaAABI.

Kimri Taaapikea KeaiHiH caAbICTBIpMaAbl Typde YAKeH aadyaHTypaiairi 7 ydackede 6oaabi, 10
TyBICKa >KaTaTbiH 18 Typ aHbIKTaa4bl. YakeH Taaablkea KeaiHiH Typ KypambiHa 13 Typictan 17 Typ,
oJapra AuaToMAbl 0aaAbIpAap, »Kacbla DaaabIipAap KoHe IjaHoOakTepusidap 0eaiMi ToH.

Taaapixea xeagepi xyitecingeri GUTONAAHKTOHHBIH TAaKCOHOMMSABIK KYpaMbl TOABIK eMec eKeHi
KYy3Ii MaychIMAa TeMIlepaTypaHblH ToMeHJeyiHe 0ailaaHbICThl 004yl MyMKiH. OUTONAaHKTOHHbIH
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Tardvikear KeAdepi KYIeciHi, KY32i AAb20PAOPACHL XKaHe CY-KaAzAray ocimOikmepi

KYpaMBl, >KaAIlbl aAfaHAd, OapAbIK Keaaep yiuiH O6ipTekTi 004451. PUTONIAaHKTOHHBIH OachlM TOITapPHI

Anatomaap 6oaas1. Anatomasl 6aaasipaap 0-70° C apaasireiHAa KeOelle aaaThiH, Oipak THIHBIIITHIKTA

JKOFaphl >KoHe TOMeH TeMIlepaTypara ToTell Oepe aldaTbiH TYpAiK aAyaHTYpPAiliri eTe KeH TOIl.

baceim Tywictapra Navicula, Synedra, Cymbella, Pinnularia xaTtaabl. Taaabikea keagepi xXyitecinaeri

6aceM Typaep Synedra acus Kiitzing, Nitzschia acicularis (Kiitzing) W.Smith 601451

Connimen, Kimi Taaapikea keainiH cyaanraH OeairiHgeri (7 ydacke) koHe YakeH Taaabikeageri

UTOIAaHKTOHHBIH TypAepiHiH aayaHTypaiairi Kimmi TaagpikeaaiH Kypram Kede >KaTKaH ydacKeciHe
KaparaHga >korapsl (5, 9 ydackeaepi) ekeHi aHBIKTaAABI.

CanpoOTHIABIK MHAEKCI 1-KecTeae KeATipiareH.

3epTreareH Cy aiAbIHAApBIHAAFBI OaaApipaap (AOpachHBIH Tidimi >KoHe OaaablpaapAbIH

Kecrte 1

Yaxen xxane Kimi Taagpikea xkeaaepinig aabrodgaopacel MEH CalpOOTHIABIK,

KepceTKimrepiHiH Tizimi

Ne baaavipaapabiy aTaybl Yaken Kimri Taaasikea S-carpoOTHLABIK
Taaapikea
lyga. | 2yu. | Syu. | 7yu. | 9yu.
Bacillariophyta
1. Amphora ovalis Kiitzing + + a-
2. Ampbhora coffeiformis Kiitzing +
3. Cyclotella meneghiniana Kiitzing +
4. Cyclotella species Kiitzing + + + a-B
5. Cymbella prostrata Cleve + +
6. Cymbella affinis Kiitzing +
7. Cymbella stigmafora C.Agardh +
8. Fragilaria incognita Reinchardt + +
0. Gomphonema Intricatum + o-B
Kiitzing
10. Gomphonema sphaerophorum +
Ehr.
11. Halamphora latecostata +
J.G.Stepanek & Kociolek
12. Navicula lyra Ehrenberg +
13. Navicula gracilis Ehrenberg + o-B
14. Navicula prostrata Ehrenberg +
15. Navicula amphibola Cleve +
16. Nitzschia sp. Nitz + + +
17. Nitzschia acicularis (Kiitzing) + + + + + a
W.Smith
18. Pinnularia sp. Ehrenberg + +
19. Pinnularia subgibba Krammer +
20. Pinularia divergens W.Smith + o-B
21. Synedra amphicephala Kiitzing + X
22. Synedra ulna (Nitzsch) + + B
Ehrenberg
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23. Synedra acus Kiitzing + + + + + a-B
24. Synedra sp. Ehrenberg + B
25. Surirella sp. Ehrenberg + +
26. Ulnaria ulna (Nitzsch) + + a-p
Compere
Chlorophyta
27. Characium sp. A.Braun +
28. Chlamydomonas sp. Ehrenberg +
29. Chlorella sp.1 Beyerinck +
30. Cosmarium pseudoconnatum +
Nordst.
31. Geminella sp. Turpin +
32. Lagerheimia subsalsa Lemm. + B
33. Enteromorpha intestinalis + + + a-B
(Linnaeus) Nees
Charophyta
34. Chara thomentosa L. + +
Cyanobacteria
35. Anabaena sp. Bory ex Bornet & + +
Flahault
36. Oscillatoria sp. Vaucher ex + + |+
Gomont

ConniMen, Taagpikea >KylleciHiH OapablK JAepaik keadepi «, a-B, [(-Me30carpOOTBHIABIKTHI
KepceTeJi JKoHe «OpTallla AacTaHFaH» AeHTelije Jell ailTyFa 00AaApbl.

Taaapikea keasepi xyiieciHiH PpUTONAaHKTOHBIHAA 9p Oaaablpaap OeaimiHiH mainbe3AbIK yaeci 1
cyperTe KepceriareH. (PUTOIAAHKTOHHBIH €H KeIl yJeci AmaromManl OaaAblpaapra Tueciai (72%).
Taaapikea keaaepiniy Kysri MaychIMBIHAAFBI DaaabIpAap MeH IjaHoOaKTepusdapAblH TAKCOHOMUSABIK,
KYpaMbl CapKblAFaH JKoHe OipTeKTi KypaMMeH Y ChIHFaH:

- AnaTomanl baaasipaap (Bacillariophyta) 26 Typi

- XKacp1a 6aaapipaap (Chlorophyta) 7 Typ

- Xapa 6aaavipaapsl (Charophyta) 1 Typ

- Inanobakrepusaap (Cyanobacteria) 2 Typ

M Bacillariophyta
H Chlorophyta
B Charophyta

B Cyanobacteria

Cyper 1. Taaabikea Kkeaaepi XyieciHiH PUTONA1aHKTOHBIHAAFBI OaaabIpAapAbIH HalbI3ABIK Ya€eci,
Ka3aH aribl, 2020 XK.
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Tardviker KeAdepi KYieciHin, KY32i AAb20PAOPACHL KaHe CY-KaAzaray ocimOikmepi

Yaken Taaawvikea >xene Kimi Taaapikea xeadepiHiH Kysri cy->Karaaay eciMAiKTepiH
KapacThIpFaH Ke3Ae ©CiMAIK >KaMBIATBICBIH 3epTTey KBICKBI Ke3eHre AeliiH XXYPri3iareHiH eckepy KaKeT,
COHABIKTAH 0i34iH MaaiMeTTepimisre colikeC ©CIMAIK >KaMBIAFBICHI TypaAbl >KaAIlbl TYCiHIKTepai FaHa
aayra 001aabl, OMTKeHi OJAapAbIH Kell Oeairi ¢aopa exiagepi THIHBIIITHIK KYJre €eHIIl yArepai.
Bererammsiaslk ke3eHAe OipHellle acIleKTilep aybICTBIPBLAFaH Ke3Je OCHI XKardaiiga ¢aopa MeH eciMAik
>KaMBILAFBICHI TypaAbl >KaH-’KaKThI aKIlapar aly YIIIiH Oip yaKbITTa op yaKbITTa 3epTTey >KYpPri3TeH Ay pBIC
[19].

biz ecimaikTep ayHHUeciHIH ©KiadepiH oOaapAblH KY3Ti ©cCiHAiAepi apKblabl >KaKChl TaHyra
MYMKiHAIK OepeTiH Karaaay TeppUTOPUACHIH TaHAAABIK. Mynaa KaMBbIC OachIM 00aaThIH
JKePTiaikTi 9KOXYylieaepAiH adyaH Typaiairin kepemis (Phrigmites austrdlis).

Cy eciMmgikTepi OaTmakThl TOIBIpaKTapAblH cy-Karaaay (Phragmites australis, Scirpus lacustris)
MakpoduTTepiHiH ysiaicti GipaecrikrepineH Kaasintacagsl. Keaeci 9k010rmsAAbIK Katapaap bLAFaAAbI
OaTmakThl TOIBIpaKTapda acTpa-Oaccusasl (Bassia hyssopifolia (Pall.) Kuntze, Tripolium pannonicum
(Jacq.) Dobrocz. Subspecies tripolium (L.) Greuter) XaybIMAACTBIFBI ©OachiM 0O4aTbIH TaAO(UTTI
eciMgikTepMeH ychIHBLAFaH. laecrie Typaepain karapweiHa Juncus gerardii, Puccinellia dolicholepis V.1.
Krecz., Salicornia europaea L., Lactuca serriola L., Atriplex laevis C.A. Mey. Keaeci skoa0rns4bIK Katapaap
Arrowhead Cygnus (Atriplex sagittata Borkh.) Kaasy OyTtasapeiMen OHTYCTIK KaMBIC KaybIMAaCThIFBIMEH
(Phragmites australis) Oipikripiaren. bya sxoaormsaasik karapaa Tripleurospermum inodorum (L.) Sch. Bip.,
Artemisia proceraeformis Krasch., Lactuca serriola L., Elytrigia repens (L.) Nevski., Saussurea amara (L.) DC.

bya xepaen kapaHTMHAIK OObekTilep MeH >KaT TypAepdiH TidiMiHe eHrisiareH, oraH KaTbICTHI
eciMaiKTep KapaHTMHI IllapaJapsl OeArileHeTiH JKoHe ©TKi3iAeTiH, KapaHTUHAIK 00beKkT Cuscuta europaea
L. (eypomaamk >kemien) TaObiaabl, o4 Kasaxcran PecrryOAMKachIHBIH ayblad  IIapyallblABIFBI
myHMcTpiniy 2015 xbrarer 30 Haypoizgarsl No 4- 4/282 OyiipeirbiMeH Oekitiaren. Cuscuta europaea L.
Atriplex sagittata Borkh ecimairine mapasutTi Tipiiaik eTyi Oaiikaaaasl.

Keseci »koaormaablx kaTtapaa KcepodurTi Typaep OackiM 00aAaThIH pyaepaaabl ©CciMAiK
JKaMBIAFBICBI OachIM KaybIMAACTHIKTap YChIHbIAFaH: Onopordum acanthium L., Sisymbrium loeselii L.,
Euphorbia virgata Waldst. & Kit., Achillea nobilis L., Convolvulus arvensis L., Carduus crispus L., Medicago
falcata L., Melilotus officinalis (L.) Pall., Cirsium arvense (L.) Scop., Artemisia nitrosa Weber ex Stechm,
Artemisia vulgaris. L., Artemisia absinthium L., Sisymbrium loeselii L., Chelidonium majus L.

Kimni >xene Yaken Taaapikea keagepinin >Karaaayaarbl ©CiIMAIK TypAepiHiH TyKbIMgacTapMeH
NabI3ABIK TApaAybl 2 CypeTTe KOpceTiareH.

B Asteracese

N Chenopodiaceae
Poaceae
Fabareae

m Cyperaceae

m Euphorbaceae

W Juncaceas

m Brassicaceae

m Corvohvulaceae

m Plantaginaceze

m Polygonaceae

A

o tagin:
5 m Poygonaceae

Cyper 2. JKaraaayaa¥rsl eciMAiK TypaepiHiH TyKbIMAacTapMeH HaMbI3ABIK Tapaaybr: A- Kimri
Taaavikea, b- Yaken Taaapikea

Ocriaaitina, KeaAiH JKaraaaybIHAQFBI Cy ©CIMAIKTepiH aaAblH-ala 3epTTey HOTU KeAepi OOMBIHINIA
Kimi Taaapixkeage 28 Typ, Yaken Taaabikeagen 35 eciMAiK Typi aHBIKTaaAbI (2 KecTe).
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Kecte 2

Yaxen xone Kimi Taagpikea keagepiHiH jKaracblHga Ke3geceTiH cy-’Karaaay eciMAaikTepi

Ne TyxbpiMaac
aTaybl

Typ aTaysr

Kirmri Taaabikea

Yaken Taaapikea

Asteraceae

Achillea nobilis L.

Artemisia absinthium L.

Achillea nobilis L.

Artemisia nitrosa Weber ex Stechm.

Artemisia proceraeformis Krasch.

Artemisia sieversiana Willd.

Arctium tomentosum Mill.

Artemisia vulgaris L.

Carduus crispus L.

Cirsium arvense (L.) Scop.

Cirsium esculentum (Siev.) C.A.
Mey.

Cirsium setosum (Willd.) Besser

Lactuca serriola L.

Onopordum acanthium L.

Saussurea amara (L.) DC,

Senecio vulgaris L.

Tephroseris palustris (L.) Rchb.

Tripolium pannonicum ssp. tripolium

(L)

Tripleurospermum inodorum (L.) Sch.

Bip.

Brassicaceae

Sinapis arvensis L.

Sisymbrium loeselii L.

Chenopodiaceae

Atriplex laevis C.A. Mey.

Atriplex sagittata Borkh.

Bassia hyssopifolia (Pall.) Kuntze)

+ |+ |+ |+

Chenopodium polyspermum L.

Salicornia europaea L.

Cyperaceae

Scirpus lacustris L.

Convolvulaceae

Convolvulus arvensis L.

e I I e e N

Euphorbiaceae

Euphorbia virgata Waldst. & Kit.

Fabaceae

Medicago falcata L.

Melilotus officinalis (L.) Pall.

+ |+ |+ [+ |+ |+

Trifolium repens L.

Vicia cracca L.

+ |+ |+ |+

Juncaceae

Juncus gerardii Loisel.
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Tardviker KeAdepi KYieciHin, KY32i AAb20PAOPACHL KaHe CY-KaAzaray ocimOikmepi

Poaceae Elytrigia repens (L.) Nevski
Hordeum jubatum L. +

Juncus gerardii Loisel.

+l+ |+ |+

Phragmites australis (Cav.) Trin. ex
Steud.
Puccinellia dolicholepis V 1. Krecz. + +

Sinapis arvensis L.

Sisymbrium loeselii L.

Plantaginaceae | Plantago major L.

Polygonaceae | Rumex marschallianus Rchb.
Solanaceae Hyoscyamus niger L.
Solanum nigrum L.

++ [+ |+

3eprTeareH ayAdaHAapAblH ©CiMAiK >KaMbLAFbIchl HerisiHeH Opraablk KasakcraH aymarbiHAa KeH
TapaAfaH, OyAiHreH aliMaKTapfa ToH apaMIIenTep MeH aABeHTUTUBTI TypAepMeH YChIHBLAFaH,
KasakcranusiH KpI3bia KiTaOblHa eHrisiaAreH >koHe cupeK Ke3jeceTiH Typaep koK. CoHbIMeH Kartap,
Adpiaik Typaep Kkesgeceai, Oipak o0Jap ©HEpKaCINTIK JeHrelide >KMHayfa >KapaMAbl YJAKeH
KaybIMJacThIKTap Tys0eiiai [20]. 3eprreserin aliMakTarbl pyJAepaaabl KaybIMAAcTBIKTap apam
IIeNTepAiH Tapady OpTaabIKTapbIHa allHaAybl MyMKiH Tepic pea aTKapaTbIHBI aTall oTiagi [21, 22].

3epTTeeTiH aliMaKTHIH TOABIK aKBaJOpachlH >KoHe (PAOPVUCTUKAABIK KYPaMBIH aHBIKTay YIiH
daopucrep MeH TIUAPOOOTaHMKTEpAl TapTa OTHIPHII, P TypAi ecy KeseHAepiHAe KeIleHAl
dpa0puUCTUKAABIK 3epTTeyAep KaXKeT.

KopsITBIHABI

1. Yaxen >xene Kimii Taaapikea keagepinid Kysri aaprodaopaceiHa 3 6eaiMm 17 Tykeimaac 20
TyBICTaH, ITMaHOOaKTepusidapabl Koca aafaHAa, 3, Typ Kipeai. llmanobOakrepusaapAblH KypaMmbiHa 2
TYKbIMAAcC 2 TybIcTaH 2 Typi aHbIKTaaAbl. PUTONAAHKTOHHBIH TYPAiK KypaMbl Oall eMec, OHBI HeTisri
Deairin guatomMabl Oaaabipaap Kypaiiabl, Oy MayChIMABIK CyKIleccusMeH OallaaHbICTHI.

2. baaapipaapably ininge nHAukaTop 13 Typ anbIKTaaAbl. baaasipaap ¢gpaopacelHbIH capKblaraH
KypaMBbl XoHe «, &-f3, (- Me30calpoOTHIK MHAEKCTepi Oap Typaepain 0oaybl cy aiigblHAapBIHAAFBI
KOAalIChI3 >KarAalidapAbl KepceTeai. PuTONAaHKTOH OOVBIHIIA KOAJep «OpTallla AacTaHFaH» Aell
OaraaaHAbL.

3. Xaraaay >xeHe ipreaec aymakrapbiH aaradga Kimi Taaasikeagen 28 yp, Yaken TaaabikeaseH
35 ecimMaik Typi aHBIKTaAAbI.
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Tardviker KeAdepi KYieciHin, KY32i AAb20PAOPACHL KaHe CY-KaAzaray ocimOikmepi

AM. 3aaaraan’, A K. )Kamanrapa?, C.K. MyxryGaesa?, ®@.K. XKancerir?
IEspasuiickuti Hayuonarorwii yrusepcumem um. /A.H. I'ymuresa, Acmana, Kasaxcman
2«Acmarunckuil 0omanuveckuil cad» - puiuar Pecnybdruxarickozo zocydapcmeertozo npednpusimus Ha
npase xo3sicmeerozo éederus «Mncmumym domarnuxu u umounmpodyxyuu» Komumema recrozo xossiicmea
U Ku60mHo20 mupa Murucmepcmea 3K0A02UU, 260A02UL U NPUpoOHLIX pecypcos Pecnyoruxu Kasaxcman,
Acmana, Kasaxcman
3TOO «3dxkocepsuc-C», Acmana, Kasaxcman

Ocennsist aabropa0pa ¥ BOAHO-IpHOpeXXHbIe pacTeHus cucremsl o3ep Taaabikoab

AnnsoTammsi. B ctaTtbe mipe/cTaBAeHbl pe3yAbTaThl MCCAeA0BaHIs OCEHHeNl BOAOPOCAEBO (PAOPEI
1 IpUOpesKHOIT pacTuTeAbHOCTH 03ep boapmmoit 1 Maasmi Taaapikoas. ITo pesyapraTaM mccaeA0BaHS
daopa oceHHuUX BOAOpOCAell HacuuThIBaeT 36 BMAOB, BKAIOYas IMaHOOAKTepmu. BOABIIMHCTBO
BOAOPOCA€N OTHOCATCA K OeTa-Me3acarrpoOHBIM BIAaM. Buaosoe pasHooOpasme 8 Maaom Taaapikoae
ObLAO0 HM3KMUM, 4YTO CBUAETEABCTBYeT O IIA0XOM 9KOJOTMYEeCKOM COCTOSIHMU O3epa OCEeHBIO.
[TpuGpesxnpie pactenmss HacumteiBalioT 35 BuA0B u3 11 poaos. IlpmuOpesxHass pacTUTEABHOCTD
nccaeayeMBIX TeppUTOpPUII IpeacTaBAeHa B OCHOBHOM COPHBIMU U IIPUAATOYHBIMU PacTeHNSIMIU,
oopraHbIMU A4 Lenrpaasnoro Kasaxcrana. MycopHble pacTeHns B cOOOIIIeCTBe HeTraTUBHO BAMAIOT Ha
nccaeayeMyio TeppUTOPUIO, BBI3bIBask pacIpOCTpaHeHe COPHAKOB.

KaioueBbie caoBa: aaprogaopa, BOAOpOCAM, IPUOpPeXHbBIe pacTeHus, CalpOOHOCTD,
OMOMHAMKAL VS,

A.M. Zadagali!, A.K. Zhamangara?, S.K. Mukhtubaeva? F.K. Zhanseiit?
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2" Astana Botanical Garden” - a branch of the Republican State Enterprise on the right of economic
management "Institute of Botany and Phytointroduction” Committee of Forestry and Wildlife of the Ministry of
Ecology, Geology Republic of Kazakhstan, Astana, Kazakhstan
3Ecoservice-C LLP, Astana, Kazakhstan

Autumn algoflora and water coastal plants of the Taldykol lake system

Abstract. The article presents the results of the study of autumn algae flora and coastal vegetation
of the Big and Small Taldykol lakes. According to the results of the study, the autumn algae flora
includes 36 species including cyanobacteria. Most algae are beta-mesasaprobic species. Species diversity
in Little Taldykol was low, which indicates the poor ecological condition of the lake in autumn. There
are 35 species of coastal plants from 11 genera. Coastal vegetation of the studied areas includes mainly
weeds and adventitious plants that are common in Central Kazakhstan. Garbage plants in the
community have a negative impact on the study area, causing the spread of weeds.

Keywords: algoflora, algae, coastal plants, saprobity, bioindication.

References

1. Unificirovannye metody issledovaniya kachestva vod. CH. 3. Metody biologicheskogo
analiza vody. Prilozhenie 1. Indikatory saprobnosti [Unified methods for studying water quality. Part 3.
Methods of biological analysis of water. Annex 1. Indicators of saprobity]. (Moskva, izd-vo SEV, 1977, S.
11-42 [Moscow, publishing house CMEA, 1977, p. 11-42]. [in Russian]

2. Chislennost” naseleniya Respubliki Kazakhstan po polu v razreze oblastej, gorodov, rajonov,
rajonny kh czentrov i poselkov na nachalo 2020 goda [The population of the Republic of Kazakhstan by
sex in the context of regions, cities, districts, district centers and settlements at the beginning of 2020].

22 Ne 3(140)/2022 A.H. Tymuaes amwndazer EYY Xabapurvicor. buorozusavrk eviavimdap cepusicol
ISSN(Print) 2616-7034 eISSN 2663-130X



A.M. 3adazaru, A.K. XKamaneapa, C.K. Myxmyobaesa, @.K. 2Kanceiiim

[Electronic resource] - Available at: https://stat.gov.kz/ (Accessed: 29.04.2020). [in Russian]

3. Komleva Ya. Prirodnyj park na ozere Taldykol' poyavitsya v Nur-Sultane [A natural park on
the Taldykol lake will appear in Nur-Sultan]. [Electronic resource] - Available at:
https://informburo.kz/stati/stanet-li-ozero-taldykol-mestom-otdyha-dlya-zhiteley-nur-sultana.html
(Accessed: 27.07.2020). [in Russian]

4. Tashimova A. Stanet li ozero Taldykol' mestom otdyha dlya zhitelej Nur-Sultana? [Will
Taldykol lake become a place of rest for the residents of Nur-Sultan?] [Electronic resource] - Available
at: https://www.inastana.kz/news/2831678/prirodnyj-park-na-ozere-taldykol-poavitsa-v-nur-sultane
(Accessed: 14.08.2019). [in Russian]

5. Barinova S. Essential and practical bioindication methods and systems for the water quality
assessment, Int. J. Environ. Sci. Natural Resources, 2, 1-11 (2017). DOI: 10.19080/IJESNR.2017.02.555588.

6. Barinova S. Algal diversity dynamics, ecological assessment, and monitoring in the river
ecosystems of the eastern Mediterranean. (Nova Science Publishers, New York, USA, 2011, P. 363).

7. Gollerbah M.M. Unificirovannye Opredelitel' presnovodnyh vodoroslej SSSR. Vyp. 2.
Sinezelenye vodorosli [Key to freshwater algae of the USSR. Issue. 2. Blue-green algae]. (Moskva,
Sovetskaya nauka, 1953, S. 644) [Moscow, "Sov.nauka", 1979. P. 752]. [in Russian]

8. Zabelina M.M., Kiselev I.A., Proshkina-Lavrenko A.I, SHeshukova V.S. Unificirovannye.
Opredelitel' presnovodnyh vodoroslej SSSR. Vyp. 4. Diatomovye vodorosli [Unified. Key to freshwater
algae of the USSR. Issue. 4. Diatoms]. (Moskva, «Sov.nauka», 1979, S. 752) [Moscow, "Sov.nauka", 1979.
P. 752]. [in Russian]

9. Gollerbah M.M.,, Kosinskaya E.K., Polyanskij V.I. Opredelitel' presnovodnyh vororoslej SSSR
[Key to freshwater algae of the USSR]. (Moskva, Sov.nauka, 1953, S. 644) [Moscow, Sov.nauka, 1953, P.
644]. [in Russian]

10. Ergashev A.E. Opredelitel' protokokkovyh vodoroslej Srednej Azii [Key to protococcal algae
of Central Asia]. (Tashkent, 1979, S. 344). [in Russian]

11. Zinova A.D. Opredelitel' zelenyh, buryh i krasnyh vodoroslej yuzhnyh morej SSSR [Key to
green, brown and red algae of the southern seas of the USSR]. (Leningrad, Nauka, 1967, S. 398). [in
Russian]

12. Gollerbah M.M., Krasavina L.K. Opredelitel' presnovodnyh vodoroslej SSSR (harovye
vodorosli) [Key to freshwater algae of the USSR (charophytes)]. (Leningrad, 1983, S. 190). [in Russian]

13. Unificirovannye metody issledovaniya kachestva vod. CH. 3. Metody biologicheskogo
analiza vody. Prilozhenie 1. Indikatory saprobnosti [Unified Methods for Studying Water Quality. Part
3. M methods of biological analysis of water. Annex 1. Indicators of saprobity]. (Moskva, izd-vo SEV,
1977, S. 11-42) [Moscow, publishing house CMEA, 1977, P. 11-42.]. [in Russian]

14. Barinova S.S., Medvedeva L.A., Anisimova O.V. Vodorosli-indikatory kachestva
okruzhayushchej sredy [Algae are indicators of environmental quality]. (Moskva, VNII Priroda, 2000, S.
150) [Moscow, VNII Priroda, 2000, P. 150]. [in Russian]

15. Hasanov F.O. Opredelitel' rastenij Srednej Azii [Key to plants of Central Asia]. T.1-11.
(Tashkent, Fan, 1971-1981, S. 111). [in Russian]

16. Pavlov N.V. Flora Kazahstana [Flora of Kazakhstan]. (Alma-Ata, Izdatel'stvo Akademii Nauk
Kazahskoj SSR, 1961, S. 571) [Almaty, Publishing House of the Academy of Sciences of the Kazakh SSR,
1961, P. 571]. [in Russian]

17. Tekebaeva ZH.B., Nauryzova A.A., ZHanar, Kanaev D.B.,, ZHamangara A.K. Izuchenie
al'goflory stochnyh vod gododa Astana, Vestnik nauki Kaz ATU im. S.Sejfulina [The study of the
algoflora of the sewage waters of the Astana city, Vestnik nauki KazATU im. S. Seifulina]. 1, 175 (2011).
[in Russian]

18. Sladechek V. Obshchaya biologicheskaya skhema kachestva vody, Sanitarnaya i
tekhnicheskaya gidrobiologiya: materialy I s"ezda Vsesoyuz. gidrobiol. o-va., Moskva: Nauka [General
biological scheme of water quality, Sanitary and technical hydrobiology: materials of the I Congress of

BECTHMK EHY umetu A.H. Tysmuaesa. Cepus Buorozuneckue nayxu Ne 3(140)/2022 23
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



Tardviker KeAdepi KYieciHin, KY32i AAb20PAOPACHL KaHe CY-KaAzaray ocimOikmepi

the All-Union. hydrobiol. Islands, Moscow: Nauka], 26-31, (1967). [in Russian]

19. Protasov A., Barinova S. Novoselova T., Sylaieva A. The Aquatic Organisms Diversity,
Community Structure, and Environmental Conditions, Diversity, 11(10), 190 (2019). DOI:
10.3390/d11100190.

20. Kubentayev S.A., Suleimenov A.N., Kotukhov J.A. Danilova A.N. Phytocenotic
characteristics and stocks of the main medicinal plants of the south-western altai (East Kazakhstan),
EurAsian J. BioSci., 12(2):355-36, 290 (2018). DOI: 10.1166/jctn.2019.8136.

21. Chase M.W. The Angiosperm Phylogeny Group. An update of the Angiosperm Phylogeny
Group classification of the orders and families of flowering plants: APG IV. Botanical Journal of the
Linnean Society, 181, 1-20 (2016). DOI: http://dx.doi.org/10.1111/boj.12385.

22. Brun L.A,, JLe Corff ].Le., Maillet ]. Effects of elevated soil copper on phenology, growth and
reproduction of five ruderal plant species. Environmental Pollution, 122(3), 361-368 (2003). DOI:
10.1016/s0269-7491(02)00312-3.

ABTOpAap Typaabl MdAiMeT:

3adazaru A.M. — PhD cryaent, 1.H. I'ymuaes areingarst Eypasus yATTHIK yHUBepcuTeTi, AcTaHa,
Kaszakcran.

Kamanzapa AK. — 0Omoa0rMs FHIABIMAAPBIHBIH KaHAMAATLIL, FBIABIM OOJMBIHINA AUPEKTOP
opsiHOacapsl, «AcraHa OoTaHMKaAblK Oarbl» - Kasakcran PecriyOGamkacsl DKOAOTHs, Te0AOTNs >KoHe
Taburu pecypcrap MuHKcTipairi OpMaH IIapyaIIblABIFEl JKoHe >KaHyapJAap AyHUeci KOMUTeTiHiH
"boranmnka >xoHe puronHTpoaykusa nHCTUTyTH IIDKK PMK ¢pnanaasr, Acrana, Kazakcran.

Myxmybaesa C.K. — O1oA0THS FRLABIMAAPBIHBIH KaHAMAATHI, AUPEKTOpP, «AcTaHa OOTaHMKAABIK
Oarpl» - Kazakcran PecryOankacsl DKo40IMs, Te0A0TMs KoHe TabuFm pecypcrap MyHKcTipairi Opman
IIapyallblABIFEl  JKoHEe >KaHyapJap AyHueci KOMMUTeTiHiH «boraHumka >keHe (PUTOMHTPOAYKIINS
vHctuty T IIDKK PMK $nanaasi, Acrana, Kazakcran.

XKanceiiim @.K. — Dxocepsuc-C» XIIC ¢puanaasabiy 6actoirsl, Acrana, Kasakcran.

Zadagali A.M. - Ph.D. student, L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan.

Zhamangara A.K. — Candidate of Biological Sciences, Deputy Director for Science, "Astana
Botanical Garden" a branch of the Republican State Enterprise on the right of economic management
"Institute of Botany and Phytointroduction” of the Committee of Forestry and Wildlife of the Ministry of
Ecology, Geology and Natural Resources of the Republic of Kazakhstan", Astana, Kazakhstan.

Mukhtubaeva S.K. — Candidate of Biological Sciences, Director, "Astana Botanical Garden" - a
branch of the Republican State Enterprise on the right of economic management "Institute of Botany and
Phytointroduction” of the Committee of Forestry and Wildlife of the Ministry of Ecology, Geology and
Natural Resources of the Republic of Kazakhstan, Astana, Kazakhstan

Zhanseiit F.K. — Head of the branch of Ekoservice-C LLP, Astana, Kazakhstan.

24 Ne 3(1 40)/2022 /LH. Tynuaes amvindazor EYY Xabapurvicol. buorozudavik eotAvimdap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



MPHTW 34.31.15

A.XK. bexryposa®, Y.MI. AmManOGaeBa, A.b. KypmanoOaesa, K.E. )Kanacosa,
P.K. Epmyxam0OeToBa, JK.b. Taeykyaosa, b.2K. I'aanabrepeesa,
P.T. Omapos, K.K. Macaanmos

Espasuiickuii nayuonarvronl yrusepcumem umenu /.H. T'ymuresa, Acmana, Kasaxcman
*Aemop 0rs koppecnondenyuu: assemgulbekturova@gmail.com

Banstane okmcanreabHOTO CTpecCa Ha aHTMOKCMAAHTHYIO 3allINUTy paCTEHI/Iﬁ

Aunsoramusi. B pabome 0viA0  uccAedo6ano 6AUAHUE OAUMEALHO20 KOMOUHUPOEAHHO20
6030€1iCINGUs. MeMnepamypHozo Cpecca u 6UpYycHotl UHGeKuu Ha CUcmemy aHmuoKcuoaHmHol
sauumor pacmeruti Nicotiana benthamiana. BviAo noKa3ano, umo OKCUOAMUGHLIIL cmpecc,
BLI36AMHDII COUemAatHbM Jeticmeuem Ouomudeckux u abuomuveckux Paxmopos, oxasvisaem
HeOOHO3HAUHOe BAUSHUE HA PaseUmMIe NAmozeHa 6 Aucmbvsx pacmenuii Nicotiana benthamiana. B
cmamoe noKa3AHa He0OHOPOOHOCTTb 6030eLCNEUS. 1MeNA06020 U XOA0006020 CHIPECCO8 U 6UPYCHOIL
unexyuy Ha codepxamnue AKMUEHLVIX PopM KucAopoda 6 Aucmvax pacmenuti Nicotiana
benthamiana. Tax, noxasaro, wmo HUSKOMeMNEPAMYPHBILL CMPecC NPU60OUA K YEeAUHeHUI0
YPOSHS HAKONACHUS CYNepoxcudHoz0 paduxkara 6 AUCMLAIX PpaAcmeHuil, npu amom Jeticmeue
KOMOUHUPOBAHHO020 cmpecca K OOALULEMY NOSLIULEHUT0 HAKONACHUS CYNEpoKCUdH0z0 paduxard
He npusero. Couemanroe deticmeue X0A0006020 CMpecca U 6UPYCHOL UHPEKUUU NPUSeAU K
NOBLLULEHUT0 CO0ePKAMUS nepeKUct 6000p0da, NPu AMOM AKMUEHOCTD KAMAAA3bL OblAd CHUXKEHA.
Taioke HAOAI00AA0CD pesKoe YéeAudeHue aKmusHoCmu AAb0ezudokcudasvl npu memnepanypHom
cmpecce. Hauborvwas —axmueHocmv — depmernma  HAOAWIAAACL NPpU  KOMOUHUPOSAHHOM
6030eticmeuy NOHUXeHHOU memnepamypvl u supycHou ungexuuu. Takum o0pasom, MmoxHo
NPeONoAOKUMb, U0 OKCUOAMUGHDLI CHIpece 6 MKAHAX pacmeHuii npueooum K yeeAudeHuto
YPOSHS  AKKYMYASAUUY  AKINUGHLIX  (POPM  KUCAOPOOd, NpU 2MOM 0KA3LI6AS. 6AUAHUE HA
pepmenmul, omeemcmeenHvle 31 0ANAHC HAKOMAGHUS AKMUGHLIX POpM  Kucaopoda 6
pacmumeAvHol mKaxu 6 omeem Ha AMaxy namozeHd.

Karouesble caoBa: memnepamypuviii cmpecc, Nicotiana benthamiana, supyc TBSV, axmusrvte
Popmul Kucaopoda, Pepmenmot.

DOI: 10.32523/2616-7034-2022-140-3-25-38

BBeaenue

Pacrenns moasepraioTcs IOCTOSHHBIM HeDAaronpusATHRIM BO3AEICTBIAM, HanboAee YaCcTbIMU U3
KOTOPBIX SIBASIOTCS BBICOKME ¥ HU3KMe TeMIlepaTyphl, a TakXKe XMMHUYecKue Belrjectsa. B mporjecce
®BOAIOIIUM pacTeHus: cpOpMUPOBAAN pa3HOOOpa3HbIE MeXaHU3MBI ajalTaluy K HeDAarompusTHBIM
¢axTopam okpykaiomiern cpeasl. OAHUM U3 ITePBBIX MEXaHM3MOB, YIACTBYIOIINX B 3AIIIMTHBIX PeaKITsX
pacTeHmuii B OTBeT Ha CTpecC, ABAJETCA W3MeHeHNe aKTUBHOCTM (PEepMEeHTOB OKMCANTeABHOTO
metaboansma [1]. Tlospexxaaromemy s¢dp@eKkry cBOOOAHBIX PaiuKaA0B M aKTUBHEIX (POPM KUCAOPOJa
IIPOTMBOCTOUT CHUCTEMa AaHTMOKCUAAHTHONM 3aIiNThl, (PYHKIIMOHMPOBaHME KOTOPON  SBASETCS
IIpOsiBA€HIeM HecHel(pnuecKoil yCTOMYMBOCTY pacTeHMII, IIO9TOMY OCOOYIO aKTyaAbHOCTh MMEIOT
BOIIPOCHI, CBsI3aHHBIE C M3y4eHMeM aHTMOKCMAAHTHOIO CTaTyca pacTeHMII M BO3MOKHOCTU €ro
UICIIOAB30BAaHMUSA AAs KOMILAEKCHOM AMAarHOCTUKM YCTOMYMBOCTM pPacTeHMII K pa3AMdHBIM BUAAM
aHTPOIIOTEHHOTO BO3AEVICTBIASL.

OannM m3 Hamboaee 3HAYMMBIX HeraTMBHBIX (PAKTOPOB OKPYy>KalOIIel cpeabl, AeMCTBYIOIIIX
HaOMOAOTMYeCKIie MaKpOMOAEKYAbl, SIBASETCS IOBBIIIIeHHAas TeHepalus akTUBHBIX (OPM KHUCAOpOAa
(ADK), npupojsmias K BOSHMKHOBEHMIO M Pa3BUTUIO TaKOIO IIpoliecca, Kak OKCMAATMBHBIN cTpecc.
OkcngaTuBHBI  CTpecc, oOllpejeAseMblil Kak cMmelleHre OadaHca MeXAy IPOOKCUAAQHTHBIMM U
AHTMOKCUAQHTHBIMU PeaKIMsIMy, IPOTEeKaOIMMI B OpraHu3Me B 1104b3Y IepBOTO, sABAsSeTCs OOIIIM

BECTHVK EHY umenu J.H. [ysuaesa. Cepus Buorocuneckue nayu Ne 3(140)/2022 25
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



BAusiHue okucAumeAbHozo cmpecca Ha LZHmMOKCMa{ZHWlHyI-O sawumy pacmeHulZ

3HaMeHaTeAeM JeVCTBIUs pa3ANIHBIX aleHTOB Ha JKMBble OPraHM3MBI. DTO BBI3BAHO CBEPXITPOAYKIIVeN
aKTUBHBIX (POPM KICAOPOJa U HaKOILAeHueM ITOBpeKAeHHBIX MoAekyal. Hapsay ¢ stum Heobxoaumo
orMetuTh TO, 4yro AODK WUIpaloT N0OAOXUTEABHYIO pOAb AAsf OpraHM3Ma, T.K. OHU SBASIOTCA
HEOOXOAMMBIMM AA51 MHOTUX JKM3HEHHO-Ba’KHBIX CUTHAABHBIX peakllMii, Y4acTBYIOIIMX B pa3AMIHBIX
Ipoljeccax, TaKMX Kak arloITo3, KAeTouHas Ipoandepanys u audpdepeHnnaus, yto oOycaapanBaeT
UX AyaAbHYIO poab (puc 1). YcunaeHHoe oOpaszoBaHIe aKTUMBHBIX (POPM KUCAOPOAA MPOUCXOAUT II0A
AeNCTBIeM MOHM3UpYyIomero u Y®-u3aydeHns, KCeHOOMOTUKOB 1 MaTOTeHHON MH(peKIM. AKTUBHbIe
POpMBI KHCAOpPOJa ABASIOTCA TakXKe IIPOAYKTOM a®pOOHOIO KaAeTodHoro Mmetaboamsma. APK
BKAIOYAIOT B ceOs CUHIAETHBIN KUCAOPOJ, CYIIepOKCH/ aHMOH pajuKaadbl, IepOKCH/ BOAOpOJa U
TUAPOKCUABHBIE pasukaabl. Kaxkapni ns ykazaHHeix ADQK 0061agaeT ornpeseseHHBIMU XMMMUYECKUMU
CBOICTBaMI, IIPUAAIOIIVIMY PeaKIIMOHHYIO CIIOCOOHOCTh Pa3AMYHBIM OMOAOTMYECKUM MUIIIEHM.

= CHrHaJauHr
‘YMepeHHBII

YPOBeHb

(BHYTPH- H
BHEKIIECTOUHBIH)

Crpecc

(abHOTHYECKHE

I'enepanus
A®PK

03,03 . Hy0,, OH'J

H GHOTHYECKHE
hakTopHI)

IloBpe:xxaenne
OHOJIOrHYeCKHX
MaKpPOMOJIEKY.T

(Genku,
HyK/ICHHOBBIE
KHCITOTBI,

Bricokmii
YPOBEHBb
TTHITHBI)

Pucynok 1. 'enepanmsa akTuBHBIX popM Kmcaopoaa [2]

AHTHOKCHAAHTHAsL CHUCTeMa 3allfuThl BKAIOYaeT B ce0s aHTMOKCHMAAHTHBIE —(PepMeHTHI
(cymepokcuaaucMmyTasa, IIepoKCiAasa, KaTadasa M Ap.) M HU3KOMOAEKYAsSpHBIe OpraHMJecKue
coeAuHeHNs (IIPOAMH, TOAMAaMMHEI, BeljecTBa (PeHOALHON IIPUPOABI — AHTOIMAHBI, KapOTMHOMADI,
dpaasononasl um Ap.). OAHUM M3 OCHOBHBIX (PEPMEHTOB HeNTpaAM3aliuy IIepPeKncH BOAO0POAa,
yJacTBYIOIIIIX B CTPECCOBBIX peaKlMsAX pacTeHuil, sBAseTcs Karadasa. Karasasa — HepBUYHBIN
aHTMOKCUAAHTHBIN (PepMeHT, M3MeHeHUe KOTOPOrO MOKeT CAYXKUTh IIOKasaTedeM YCTOMYMBOCTY
pacrenmii k crpeccam. Karaaasa (KAT) — aHTHOKCHAQHTHBI (pepMEHT, KOTOPBIN CIIOCOOCTBYeT ObICTPOI
YTUAMBAIUY TIePeKUCH BOAOPOAa, KaTaAu3UpyeT AMCMYTalMIO ITIePeKUCH A0 BOABI M KUCAOPOJa. DTOT
(depMeHT A0KaAM30BaH B OCHOBHOM B II€POKCHCOMax M TAMOKCHCOMaX. B OKMCA€HHOM COCTOSHNMM
KaTalasza MOXKeT paboTaTh KaK IepOKCIAa3a, KaTaaAu3Npys OKICAeHe 0 aabAeTIAOB.

Aapaermpokcngaza  (AO) -  moanbao-keae3o-PpaaBoPpepMeHT, KOTOPBII  KaTaAu3upyeT
OKIC/AEHMe MHOXKeCTBa apoMaTUYecKuX I HeapoMaTUYecK!X aaAbAaeTMAOB B COOTBETCTBYIOIIVE
KapOOKCHAbHbIe KICAOTHL. PepMeHT UrpaeT KAIOYeBYIO PoAb B MeTabDoAM3Me KCeHOOMOTHUKOB, a Takxke
BOBJeJeH B ITpollecc aJanTaluy pacTeHuii K adumormyeckum (akTopaMm, B TOM 4MCAe B YCAOBMSIX
cozesoro crpecca [3].

B nmpupogae pacrenu: yacro mogsepraiorcs O4HOBpPeMeHHOMY BO3AeICTBUIO psija OMOTUYeCKUX U
abuormdeckux ¢akTopop [4-7]. Bamsume coueTraHHOro JeNCTBUs OMOTHMYECKUX M aOMOTUYeCKUX
CTpeccoB Ha pa3BUTMe IIaTOTeHa B pPacTeHMAX MOXeT ObTh pazamdHbiM [8].  Psaa mcrounmxos
IIOKa3bIBaeT, YTO COYeTaHHOe BO3AEICTBME IIaTOreHa U BBICOKOTEMIIepaTypPHOIO CTpecca IIOBBIIIaeT
BOCIIPUUMYUBOCTD PacTeHUI K 00Ae3HAM.

B cBsA3M ¢ 9TUM HauMHAIOT MOSBAATHCS BCe OOAbIIE MCCAe 0BaHMI, HallpaBAeHHBIX Ha U3yyeHue
COBMECTHOTO BO3AEMCTBMS Pa3AMYHBIX adMOTMYECKMX M OMOTHMYeckuX (pakTOpOB, TaKMX KaK 3acyxa,
3acoJeHne, 9KCTpeMaabHble TeMIlepaTyphl, MOHU3MPYIOIee usaydenne u T.4. [4,5,9]. Tak namu panee
ObL10 MOKa3aHO, YTO COUeTaHMe 3aCyXM UM BBICOKOM TeMIlepaTyphl HAHOCIAO PacTeHMsIM s[uMeHs Doaee
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Cepbe3HbINl yIep0, yeM 3acyxa M CTpecc IIpM HM3KMX TeMmIlepaTypaX. KomOumHMpoBaHHBI cTpecc OT
>Kapbl U 3aCyXy IIpMBeA K IOBbIeHnIo akTuBHocTH KaTaaasel (KAT) n cynepokcngaancmyraser (COA) B
KOpH:IX, HO He B moOerax [10].

[TosTOMY M3ydeHMe BAVMSAHNS Pa3ANIHBIX COUTaHNI aOMOTIYECKNX ¥ OMOTIIecKnX (paKTOpOB Ha
pasBuUTHe pacTeHUII IIPOAO0AKaeT OCTaBaThCs aKTyaAbHBIM.

B pabore ObL10 1CCA€40BaHO COBMECTHOE AEVICTBYIE a0MOTHYECKUX U OroTmdeckux $pakTopoB Ha
OKVICAUTEABHBIN B3PbIB B PACTEHIAX.

Martepuaa 1 MeTOABI MICCA€ AOBAHMST

O0bexToM MccaeaoBanHus ABASAANCH pactenus Nicotiana Benthamiana.

Yeaosusa  evipaujusarus  pacmenuil: pacTeHUs BpIpallliBadyl B aBTOKJAaBMPOBAaHHOM TIPYHTe
(TerraVita, P®) c BepMukyantom B cootHortennn 4:1 ¢ 16-yacospiM nepnogom ocserienns npu 25°C B
Teyenne 30 cyTok. 3aTeM pacTeHUs AeAUANCh Ha TPYHIIBI M BBIPAIIMBAANCh MPU  Pa3dANIHBIX
temneparypax, 10°C, 25°C n 40°C cooTseTcTBeHHO, B TedeHMe 5 cyTok. Ilocae yero yacts pacreHmit B
KakA011 rpyIe nHUIIMposaaucs supycom TBSV.

Mrnoxyrsuus pacmenuti eupycom TBSV: aas 3apakeHmMsl pacTeHMII MCIIOAB30BaAM BUPYCHBIE
TpaHCKpUNTHL. /s 9TOrO BMpYycHBIe TpaHcKpunTel B 10 MM Hatpuit - pocdatHom Oydepe pH 6,9 ¢
kapoopanaymom (d= 0,037MM) HaHOCKAM Ha OBEPXHOCTh AMCTLEB CpeaHero sApyca B oobeMe 20 MKA 1
OCTOPOXHO BTupaau. Yepes 8 aHeit mocae uHOKyAsumu Bupyca TBSV ompeaeasan ypoBeHb
HaKOILAeHNs ITIepeKICcH BOAOpOAa U CYIIepOKCUA-aHIOH pajyiKala B AUCTbSIX BEPXHero spyca pacTeHun
N. Benthamiana.

Onpedererue nepexucu 60dopoda: Coaep>KaHue IePeKNcU BOAOPOJa MPOBOAMAN KaK OIIVICAaHO B
pabore Kopuoa u coasrt. [11]. Aas sToro ancrest nmogsepraau saKyymHon mupuastparum 0,1% -Hpim
pactsopom DAB (3,3'-Diaminobenzidine) 8 10 MM MES-Oydepe pH 6,5 B Teuenme 15 muuyT n
BBIAep>KMBaAu Ha BogsHoi Oane mpu 100°C B TeyeHme 5 MMHYT B cMecH ®TaHOA: AakTodenoa (2: 1).
3areM pacTeHMs ABaKAbl IpoMbiBaau B 50% sTaHO €.

Onpedereriuie cynepokcud-aHuoH paduKkard:

YpoBeHb aKKMyAsSINMM CYIIepOKCUA-aHMOH padlKada OIIpeAeAsAl IO MeTOAy, ONMCAaHHOMY B
pabore ®paitep u coasT. [12]. Aas onpejeaseHms cynepokcuga B oOpasilax AUCTbsS BBIAEPKMBAAU B
TeueHne 12 gacos B 6 MM NBT (p-Nitroblue tetrazolium chloride) 8 50 MM Na-¢ocparaom Oydpepe pH
7,5 B TeMHOTe IIpM KOMHATHOI TeMIlepaType M IIOABepraAy BaKyyMHON wuH}uasTpauym. Ao
BU3yaAM3alNM XA0pOPUAA yAAASLAN C AUCTHEB IyTeM MHPUABTPALIMY X PACTBOPOM AaKTO-TAUIIEPOA-
®TaHOJa B cooTHomeHym 1:1:4 mo oOwemy m BhlgepKmBaau B BogsHoil OGane (100°C) B Boge 5 MmH.
ITocae »Toro AMCTHs 6BLAY TPOMBITEL B 50 %-M BTaHOAe.

Onpederenue axmusnocmu — gepmenmos. Ilocae pasaeseHus 0OeAKOB B HaTUBHOM Teje-
94eKTpodopese aBTUBHOCTh (epMeHTOB OyJeT IposiBAeHa B CHelMaAU3MPOBAHHBIX CyOpaTHBIX
Oydepax, pasAMIHBIX IO COCTABY B 3aBUCUMOCTHU OT Buja gepMmeHTa. B cocras cybcpaTa Bxoaar 50 mM
Tris-HCl pH 7.4, 0.1 mM wmertocyapdar ¢enosmna, 1 mM MTT (3[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium-bromide) wn wuHAO0AMA-3-KapOOKCHMaabAeINs A4S aAbAETUAOKCUAA3BL, U
TUMITOKCAHTUH A5 KCAHTUHAETMAPOTeHasbl. 3aTeM rean 6yAyT nakyouposartscsa npu 37°C B Tedenne 40
MMUHYT Ha TepMmomelikepe [13]. Jdas ompeaeaenusa yudactus AO B OpoAylMpOBaHUM CYIIEPOKCHUA-
aHnoHos PMS OyaeT nckaioueH ¢ peakioHHon cMmecu [14,15]. Taxke Oyaer onpegeaeno yuactne AO B
IIPOAYLIMPOBAaHUHU CYIIEPOKCUA-aHIMOHOB IIyTeM 3aMelleHNsl UHA0AuA-3-KapOokcnaapderuga 0,25 mM
NADH [16]. Aas nposBaennsi akTMBHOCTU KaTaaAasbl Teab OyayT mHkyOuposats B 0.003% pactsope
Iepokcuaa Bogopoja B TedeHue 15 MMUHYT, 3aTeM IpPOSABAT B cyOCTpaTe, B COCTaB KOTOPOIO BXOAAT 2%
dpeppunmanmu kaaus u 2% xaopug, xeaesa [17,18].
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PeSyileaTbI nccaea0BaHMSI

B pabore Tpu rpynme 30-aHeBHbIX pactenuit N. Benthamiana B TedeHme 5 CyTOK BpIpalllBaANCh
npu Temneparypax +10°C, +25°C, +40°C cooTsercTBeHHO. 3aTeM I10cae 4-4acOBOTO aAalTallIOHHOTO
repruoja 4YacTh pacTeHMiI B KaXXAOM rpyImne Oblda 3apakeHa BupycoMm TBSV mpmu KOMHaTHONI
Temrneparype. Uepes 7 CyTOK, MOCAe MHOKYAAIIUM pacTeHUM BMPYCOM, MbI HabAI0AaAM 4YeTKO
BbIpa’KeHHbIe CUMIITOMBI BUPYCHOTO 3apa’keHHus:d. YpPpOBeHb HaKOILAeHUs IIepeKuCu BoJopoda U
CyNIIepOKCUA-aHIOH paAMKada B AVICTBAX OINpeAeAsAN TUCTOXMMIYECK! I10 PasBUTUIO XPOMOQOPHOTO
otBeTa ¢ ucnoab3osanueM DAB 1 NBT cootsercrBeHHO.

briao nmokasaHo, 4TO BO3JeiICTBME KaK TEIlLA0BOIO, TaK UM XOAOAOBOTO TeMIlepaTypHOTIO cTpecca
IIPUBOAUIAO K YBeAMYEHUIO YPOBHs HaKOILAeHUs CyIIepOKCUAHOIO pajuKasda B AUCTbAX pacTeHmii N.
Benthamiana.

BusyaabHbIN aHaAM3 AMCThEB pacTeHUI TTI0Kas3al yBeAdeHue Ha I11011aA/ IIOBePXHOCTI AVCTheB
OKpacKM, 4TO CBUAETeABbCTBYeT O IOBBIIIeHNI YPOBH: CyIIepOKCUAHOTO paaukada. Hanboaee crabHbIi
o¢pdexr HabaIOAaACT HpU AENCTBUM AAUTEABHOTO XOJAOAOBOTO cTpecca. MeHee WHTeHCHUBHOe
BO3/elICTBIe Ha OOpa3oBaHIe CyIIepOKCIAHOTO pajdykala OKas3aa TeIlA0BOM cTpecc (puc.2).

25°C 40°C 10°C

PucyHOK 2. TMCTOXMMMUYIECKNII aHAAM3 HAKOIIA€HNsI CYIIEPOKCUAHOTIO pajguKala B pacTeHMSIX
Nicotiana benthamiana ipy 4eiICTBUN pa3AWIHBIX TeMIEpaTyp

Heoanopoansiit  9pQpeKkr  BO3aeiicTBUs  TeMIlepaTypHOTO  CTpecca Ha  oOpasoBaHUe
CyIIepOKCUAHOIO paJuKada B AUCTbIX PpacTeHuii OblA IIOKa3aH paHee pa3AMYHBIMM aBTOPaMI.
Temneparyphblii cTpecc MOXKeT ObITh IPUYMHONM KaK aKTUBALIMU CUTHAABHBIX CUCTEM, IIPUBOASAIINX K
U3MEHEHUsM B DKCIPecCuMu TIeHOB, B TOM 4YlCAe CHVDKeHMIO akTuBHOCTU ADK-sanmMuHMpyommx
¢pepmenros, Tak n aktusaruy APK-renepupyomunx pepmeHTOs [1].

I'enepanusa AOK MoXeT permcrpupoBaThCs Kak IpU AAUTEABHOM, TakK U KpaTKOBPeMeHHOM
BO3JericTeun cyOaeraapHbix Temnepatyp [20]. Kak mpasmao, renepamms CynepoKCHMAHOIO pajMKada
ABAsETCs HecreM(pUUIecKol peakiyeil pacTeHMI Ha AelCTBUEe MHOIMX CTPeccOpoB, HeoAMHaKOBas
peaxius pacTeHIII MOKeT TakKe OBITh CBsI3aHa C HeOOABIINM BpeMeHeM IOAYKU3HIU CyIIepPOKCHAHOTO
paAMKada, ¥ OH He ycIleBaeT IlepeMelaThcsl B APyTMe YacTyu KAeTKM OT MecCTa CBOero oOpa3oBaHNs
[21,22].

VurepecHo, 4yTo KOMOMHMPOBAHHBIN TeMIIepaTyPHbIN CTpecc M BUPYCHas MHQEKIs OKa3blBaan
He0O0/bIlIOe BO34eNCTBYe Ha YPOBEeHb HAKOIAeHUs CyNepOKCUAHOTO paaukada (puc.3). CremneHs
OKpacKM IIAOLIaAM IIOBEPXHOCTM AMCTbEeB IIpU OAHOBPEMEHHOM BO3AENCTBUM TeMmIlepaTyphl U
BUPYCHONM MH(pEKIMU He OTAMYalach 3HAUUTEABbHON MHTEHCUBHOCTBIO IIPM CpaBHEHUM C AeMCTBUeM
OAMHOYHOTO TeMIlepaTypHOTO cTpecca (puc.3).
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25°C + Bupyc 40°C + Bupyc 10°C + Bupyc

PucyHok 3. I'mcroxumMmdecknit aHaam3 HaKOILAeHUs CYyIIepOKCUAHOIO pagrKala B pacTeHUAX
Nicotiana benthamiana mpu AeVICTBUN TeMIIepaTypPHOTO CTPecca M BUPYCHOM MHQeKIMN

Aauteapnsit 120-4acoBoil TeMIIEpaTYPHBII CTPECC TAKXKe IIPUBOANA K HeDOABIIOMY YBEANIEHNIO
YPOBHS COJep>KaHMSI IIEPEKUCH BOAOPOAa B AUCTbAX pacreHuit N. benthamiana. Belao 1okasaHo
IIOBBIIIIEHNE IIEPEKNCH BOAOPOAA B AVCTBSIX IIO CPaBHEHMIO C KOHTpOJeM (KOMHATHasl TeMIleparypa
25°C) (puc.2).

25°C 40°C 10°C

Pucynoxk 4. I'mcToxmMmdecknii aHaavn3 HaKOIL1€HWs IIepeKVCH BOAOpoAa
B pacternsax Nicotiana benthamiana mpy AeicTBUA TeMIIepaTypHOIO cTpecca

IIp KOMOMHMPOBAHHOM BO3AENCTBMU TeMIlepaTyphl ¥ BUpPYycHON uHpekuumu Ooaee
3HaunTeAbHBIN DPPeKT Ha0AI0JaACsS TP COYeTAaHUM ITOHVKeHHOI TeMIIepaTyphl U BUpyca. YPOBeHb

HakoriaeHnss A®K 1ocae BO34eiCTBUA XOAOAOBOTO CTpecca ¥ BUPYCHON MHQEKIMM BHIPOC IO
CpaBHEHUIO C KOHTpoAeM (puc.5).

v

25°C + Bupyc 40°C + Bupyc 10°C + Bupyc

Pucynok 5. I'mcToxumMmdeckuii aHaaM3 HaKOILAeHUsI IepeKICcH BOAOopoAa B pactenusx Nicotiana
benthamiana ipu Ae¥AICTBUM TeMIIepaTypHOIO cTpecca
¥ BUPYCHOVI MH(}p KM

A®DK HelTpaansyiorcst ¢epMeHTaMM aHTMOKCUAAHTHONM 3amuTel. OAHUMMM U3  KAIOYEBBIX
¢epmenTos obesspesknpanmst ADK spasiorces katasasa (KAT) n aapaernaokcngasza (AO).
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CoraacHO mpeACTaBAeHHBIM JaHHBIM, X04040Boi crpecc (10°C) mpusea K 3HAUYUTEABHOMY
YMEHBIIIeHNIO aKTUMBHOCTM KaTaAasbl B AUCTBAX pacTeHuit (puc. 6). Ognako npu BO34eCTBUM BBICOKOI
Temmepartypsl (40°C) akTMBHOCTD KaTaAa3bl yBeAnumBaaach (puc. 6).
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PucyHOK 6. AKTMBHOCTD KaTaAa3sbl B AVICTbsAX pacTeHmii Nicotiana benthamiana npn
AAUTEALHOM CTpecce

Taxxe cHMDKeHMe aKTMBHOCTH KaTalas3bl Ha0A104aA0Ch IIPU BO3ANCTBUM BUPYCHONM MH(MEKININ.
Hmuskas xaTrasasHas akTMBHOCTb IO CpaBHEHMIO C KOHTpOJeM Oblaa IOKazaHa ¥ IIpU COYeTaHU!
BUPYCHOI MH(PEKIINH 1 TeMIIepaTypHOIO cTpecca.

AKTUBHOCTD aabjernaokcuaassl (AQO) pacreHnii MeH:s41ach B YCAOBUAX TeMIIepaTypHOIO cTpecca.
IIpoaoaxuteapHniit X0a040801 crpecc (10°C) He npusea K yMeHbIIeHMIO aKTMBHOCTU AO B AMCTBAX
pacrennit (puc.7). OaHako TIpM BO3AelcTBUU BbIcOKoil Temmeparypsl (40°C) Oblao 1OKaszaHO
3HaYUTeABbHOE yBeAdeHNe aabAeINAOKCUAA3HON aKTMBHOCTM.

B TO e Bpems KOMOMHMpPOBaHHOE BAMSHIE HM3KOM TeMIlepaTyphl M BUPYCHOM MH(eKIIUN
npusoanao K yseamdeHuto aktusHoctm AQO. Ognaxo axtusHOCTb AO HOpM AelCTBUM BBICOKOI
TeMIlepaTypbl M BUPYyCHasl MH(pEKINsA 3HAauMTeAbHO yMeHbINAach II0 CPaBHEHMIO C KOHTPOALHON
IPYIIION.
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Pucynok 7. AKTMBHOCTD aabAeTnAOKCHAa3nl B pacTreHusx Nicotiana benthamiana ipu
AOATOBpEMEHHOM CTpecce
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OO0cyxaeHne 11ccaeA0BaHIS

M3BectHO, 4TO X04040BOE IIOBPEXJAEHIMEe 4acTO COIPOBOXKAAETCS OKUCAUTEABHBIM CTPECcoM,
KOTOPBIII B CBOIO odepeAb MHMIIMMPYeTCs aKTUBHBIMU dopMamu Kucaopoga. IIpy ®ToM akTMBHOCTDL
KaTadasdbl MpHU AeNCTBUI XOAOAOBOTO CTpecca MOKeT IIOBBIMIAThCA [23] AMOO MOHMXKATBCA IO
CPaBHEHUIO C PpacTeHMSIMM, He IIOABEPraBIIMMICSI CTPeCcCOBOMY Bo3gerictuio [24]. Takas xe
npoTusBopeunsas MHGpopManus HabA0AaeTCs U PV BO3AEVICTBUM TEILA0BOTO CTpecca Ha aKTUMBHOCTD
aHTMOKCUAAHTHBIX (epmeHTOB. Ilpm TeMmepaTrypHOM CTpecce aKTMBHOCThL (pepMeHTOB Moraa
IIOBBIIIATLCA AMOO ITOHIMKATHCS, a TaKKe M MOTIAa OCTaBaThCs Ha yPOBHE KOHTPOABHBIX pacTeHmii [23].
Takne m3MeHeHNne B aKTMBHOCTU (pepMeHTa MOTIYT OBITH CBsA3aHBI C PA3AMYHON BUAOCHEM(PIIecKoi
peaxiiueit pasHbIX IPYIIT pacTeHMIA.

HesnaunreapHble M3MeHeHMsI B aKTMBHOCTM KaTada3bl MOIYT OBITh CBsA3aHBI C ajdanTamyei K
AAUTEABHOMY BO3AEVICTBMIO TeMIIepaTypHOTO cTpecca. BupycHas mHeKIMs mpusea K IOHUKEHUIO
aKTMBHOCTU Karaaasbl npu pocre 25°C. CoBMecTHOe BO3JeNICTBME TeIlA0BOTO CTpecca UM BUPYCHOM
nHQeKIUN He IIPUBOANAO K 3HAUNUTEABHBIM U3MEHEHIM.

Peakiusa pacreHnii Ha KOMOMHIPOBaHHOE BO3AEVICTBUE ABYX MAU DOJee CTpeccoBHIX (PaKTOPOB
YHUKaAbHa U He MOXKeT ObIThb OAHO3HA4YHO OIlpejeleHa M3 OTBeTHBIX peaKlMii pacTeHMII Ha BAMUsHUE
VMHAVBYAYaABHBIX CTPECCOBBIX (pakTopos. KpomMe Toro, mpy 04HOBpeMeHHOM BO3J€MICTBUU HeCKOABKIX
CTpeccoBbIX (aKTOPOB BO3HMKaeT HeOAHO3HaUHas OTBETHAs peaKlsl pacTeHNUIl, TTIOCKOABKY peaKIiy Ha
KOMOMHMpPOBaHHbIEe BO3AEVICTBIA B 3HAUUTEABHON CTelleHN KOHTPOAUPYIOTCA pa3AMIHBIMMY, a MHOTAA U
IPOTUBOIIOAOKHBIMI CUTHAaABHBIMM IYTsAMM, KOTOpBIe MOIYT KaK B3alIMOJENCTBOBaTh, TaK W
MHIMOMpPOBaTh APYT ApyrTa [25].

[ToaydyeHHble pe3yabTaThl ITOKa3bIBAIOT, UTO IIOJ BO3AENCTBUEM TeMIlepaTyphl HabAIOAaeTcs
IIOBBIIIIEHNe YPOBHs CYyIepOKCUAHOIO pajuKada U IIepeKucu BOAOPOJa, OAHAKO Co4YeTaHHOe
BO3/elICTBIe He IIPUBOANAO K 3HAaUUTEeAbHOMY yBeArdeHunio reHepariumn AQK.

B 11e10M KOMOVMHMpPOBaHHOE BO3/eIICTBIIE ITOBBIIIIeHHO TeMIIepaTyphl U BUPYCHOI MH(eKIuN He
IIpUBeAO K 3HAYMTeAbHBIM M3MeHeHUAM B HakonaeHnyu ADK B AUCTBAX pacTeHnis, HO IpU STOM IIPK
IIOHVKeHHON Temnepartype yposeHb ADK Obla BhIlle, yeM B KOHTpoAe. BO3MOXXHO, He3HaunTeAbHbIe
usMeHeHus B npoaykuym A®OK cBAsaHbBI ¢ AANTeABHON ajamlTalliiell pacTeH!iI K TeMIlepaTypHOMY
crpeccy (120 yacoB), a TakKe CO CKOPOCTBIO pacIpOCTpaHeHNs BUPYCHON MHQeKIuu. YMeHbIIIeHe
HakomaeHuss H202 B MHPUIIMPOBAHHBIX pacTeHUAX MOXKeT CII0COOCTBOBATh PacIpOCTPaHeHNIO
nHpexunn [26].

YMepeHHas1 reHepanmsl CynepoOKCHAHOIO pajuKasda U IepeK’cu BOAOpOAa IIPU BO3AeVICTBUM
TeMIIepaTypHOIO CTpecca M BUPYCHONM MH(eKIUM MPUBOANAA K KaCKaAHONM aKTMBAIMU MeXaHM3MOB
aHTMOKCIAAHTHOI 3aIlNTHI KA€TOK pacTeHIII, Kak ObLAO IIOKa3aHo B Apyrux padotrax [20].

CynepokcuaHBIN paguKaa U IepeKuch Bog0poja MOTYT UTpaTh HeMaAOBaKHYIO POAb B 3aIlycKe
aJaNTUBHBIX PeaKInIl IIpU TeMIlepaTypHoM crpecce [20].

JAauTteabHOe BAUAHME HU3KOM TeMIepaTypsl IIPMBOAMAO K 3HAUMTEABHOMY CHUKEHMIO
aktuBHOCcTU KAT, uro KOppeampyercs ¢ nopbieHHbIM cogepkanneM AQ®K. CHuokeHne KaTaaa3HON
aKTUBHOCTU IIpU AeVICTBUM BUPYCHOM MHQEKIINM MOKeT NPUBOAUTL K IOBbIIIeHMo yposHsa HxO: B
auctpsax. [Ipu 9ToM cHMKeHMe aKTMBHOCTM KaTaAa3bl IPY MHOKYASIIMM BUpPYyCa MOXKHO paccMaTpuUBaTh
KaK MapKep 445 U3YJeHIS B3aMMOACIICTBUS PacTeHUI U BUPYCOB [27].

VHTepecHO, 9TO coyeTaHme X0A040BOTO CTpecca U BUPYCHONM MHQEKIUN MpuBeAo K aKTUBaI[un
¢dpepmenTos, B ocobennoctn AO. VzsectHo, uto AO ydacTByeT B MHaKTMBaIlMM IIEPEKUCU BOJOPOAaA.
CoraacHo anTepaTypHBIM JaHHBIM, yBeandeHye akTuBHOCTY AQO Ipy HUM3KMX TeMIlepaTypax yKa3blBaeT
Ha 3aIllyCK M aKTMBaLMIO IIPOLIECCOB OKCUAATUBHOIO crpecca [26]. Ilockoabrky AQO yudacTByeT B
npoussoactee ADK [28,29], To ycnaenHas renepanms yposHs Hakornaenus H2O» sBasercs caeactsuem
nopbienns aktusHoctu AO. B To >xe BpeMs 13BecTHO, UTO MH(EKINS MOXKeT BbI3bIBATh ITOBBIIIIEHHOEe
HaKOIILA€HIe IIePeKICU BO40PO4a IO CPaBHEHNIO C IICeBA0-3apakeHHbIMI pacTeHusAMu [26].
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JAnTeabHOE BAVSHNE HU3KON TeMIlepaTyphl U BUPYCHOI MHPEKINN PUBOANAO K ITOBBIIIEHNIO
akTUBHOCTU KaTada3bl 1 AO, 4TO, O4eBMAHO, MOXeT CBUAETeAbCTBOBATh OO aKTMBAIIMM 3alllMTHBIX
MeXaHI3MOB pacTeHMII IO OTHOIIeHMIO K IaroreHy. Tak Kak M3BeCTHO, 4TO KaTasla3a MOXeT UIpaTb
3aIIUTHYIO POAb AAs BUPMOHOB, O0eperasi TeHOM BUPYCOB OT HeraTusHOTO BosaericTBust ADK, mpu sTom
noppiienne aktupHoct KAT m AO moxeT OBITH pe3yAbTaTOM CTpaTeruMy 3allfuThl pacTeHUIl OT
TOKCMYECKOTO BAMAHM:A mTopbimeHHoi reHepamym A®PK mpm TBSV madexnym. B 1o Xe Bpems
aktusarua KAT moxker OBITL moae3Ha A4Sl BuUpyca, CHYDKas 9(PQPeKTMBHOCTh CHCTEMBI 3aIl[UThI
pacrernit [26]. CoraacnHo [30], xoaogo0Boit crpecc crocobeH mnogasasats PHK-maTepdepenmuo
(oxa3bIBaTh BAMSHIE Ha CallA€HCVHT I€HOB).

[TosplleHne TeMIlepaTyphbl CIIOCOOCTBYeT pacIpOCTpaHeHMUIO ITaToreHa B OpraHM3Me pacTeHUI
[31,32]. boaee TOrO, M3BECTHO, YTO MHOTME aOMOTHMYECKMe CTPeCcCcoBble YCAOBU:, B TeM 4Yucae U
TeMIIepaTypHBINl ~ CTpecc, 0CAalAsAIOT —3alllUTHBIE MeXaHU3MBl pacTeHMII ¥ IIOBBIIAIOT — UX
BOCIIPUMMMUYMBOCTD K aTOreHHOM nHpek1um [33,34].

AuddepeHnmposanHoe BAMAHNME HMU3KOM I BBICOKUX TeMmIlepaTyp Ha (epMeHTaTUBHYIO
aKTUBHOCTb KOCBEHHO CBIAETEALCTBYeT O NoBbIeHHOM ypoBHe ADK B onbITHBIX 0OOpasiiax. AKTUBAIIV
CUCTeM aHTMOKCMAAHTHOM 3allliThl, HUM3KUI yposeHb akkymyasuum AOK cBsazaHbl IIpekde BCero C
aJaIlTUBHBIMY BO3MOKHOCTSIMM PacTeHNIT K KOMOVHIPOBAaHHBIM BO34€MICTBUSIM CTPeCCOBBIX (paKTOPOB.

BuiBoABI

[ToayueHHble gaHHbBIE CBMAETEALCTBYIOT O TOM, YTO pacTeHNs BbIpaOaThIBAIOT MHAMBMAYaAbHbIE
cTpaTernu OOpPBOBI C OAHOBPEMEHHBIMM CTpeccaMl, BKAIO4ass B ceDs TOpMOHaAbHBIE CHUTHAABL,
perenTopsl 1 (paKTOPHI TPAaHCKPUIIIIUAA.

Takum 0OpasoM, BLICOKMe U HM3KME TeMIIepaTyphl BLI3BIBAIOT OKCHMAATMBHBIN CTPecC B TKaHIX
pacreHmii, TOBbIINAsg B HUX ypoBeHb akkymyasrnuu AO®K. Panee nHamMm ObBlAO IIOKa3aHO, YTO
TeMIlepaTypPHBII CTPecc IPUBOAUT K YBeANYEHNIO CKOPOCTY pacIIpOCTpaHeHNsI BUPYCHON MH(eKIUN B
AUCTBAX pacTeHnit. Bupycnas naQexius okasbiBaeT BANSHIE Ha (PepMEeHTHI, OTBeTCTBeHHbIe 3a OaJaHC
HakoraeHnsa A®K B pacTuTeAbHOV TKaH! B OTBET Ha aTaKy IaToreHa.

®uHaHcupoBaHMe. Pabora BhIITOAHeHa Ipu Ioajepkke rpanTos NeAP09563056 Komurera
Hayky Munncrepcrsa oopasosanus 1 Hayku Peciy6anku Kasaxcra.
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ToTbIFy cTpecciHiH ciMgiKkTepAiH aHTMOKCUAAHTTBIK KOPFaHbICBIHA dcepi

Anparma. Makaaaga Nicotiana benthamiana eciMaikTepiHiH aHTMOKCHAAHTTBIK KOPFaHBIC
KylleciHe TeMIlepaTypaablK CTPecCTiH >KoHe BMPYCTHIK MHQEKIIMAHBIH y3akK Mep3imai apasac acepi
seprTreadi. brotnkaask >koHe aOMOTMKAABIK (PaKTOpAapAbIH OipikKKeH acepiHeH TybIHAAFaH TOTBHIFY
crpecci Nicotiana benthamiana eciMmaikTep >KambIpaKkTapblHAa KO3ABIPFBIIITHIH JaMyblHa €Ki >KaKThI
ocep ereTiHiH Kepcerti. Makaaada Nicotiana benthamiana ecimaixkTepiHiH >KamnbplpaKTapbIHAAFbI
peakTUBTi OTTeri TypAepiHiH Ma3MyHBIHA BICTBIK-CYBIK KYl13eAiC >KoHe BUPYCTBIK MH(MEKIMs dCepiHiH
Oipkeaxi emecriri kepceriareH. Ocplaaiiilla, TOMeH TeMIlepaTypaAblK KepHey eCiMAiK >KallbIpaKTapblHAa
CyIlepOKCU/ PaAMKaABIHBIH >KMHAKTaly JAeHTeiliHiH >KOfapbllayblHa oKeJleTiHi, aa OipikripiareH
KepHeYAiH ocepi CyIlepoOKCu/ paguKaAbl JKUHAKTAaAybIHBIH JKOFapblaayblHa 9KeAMENTiHi KOPCeTiATeH.
CyBIK cTpecc reH BUPYCTHIK, MH(pEKINIHBIH OipAeckeH acepi CyTeri acKbIH TOTBIFBIHBIH >KOFapbliayblHa
9KeaJi, al KaTaJasa OeaceHaiairi TeMmeHgeai. bya perre TemmeparypadblK CTpecc >KarAaliblHAa
aabJernAoKcnAasa OeaceHAiAiriHiH KypT apTysl Oaiikaaabl. PepMeHTTIH eH >KoFaphl OeaceHAiAiri ToMeH
TeMmIlepaTypa MeH BUPYCTHIK MH(pEeKUMIHbIH OipaeckeH acepiHeH Oalikaaabl. Ocblaaiiina, ©CiMAiK
TiHAepiHAeri TOTBIFy CTpecci IaToreHAiK IMadybLAFa >Kayall peTiHAe eCiMAIK YAIachIHAAFbl peaKTUBTI
OTTeri TypAepiHiH >KMHaKTaAybIHBIH Telle-TeHAiriHe >kKayall OepeTiH (pepMeHTTepre acep eTe OTHIPHIIL,
peaKkTUBTi OTTeri TypAepiHiH JXIHaKTaly AeHTelliHiH >KOFapbliayblHa oKedeai Aer 0oaKayFa 00AaAbl.

KiaT cesgep: Temneparypaasik crpecc, Nicotiana benthamiana, tbsv Bupycel, orreriniy 6eacenai

Typaepi, pepmMeHTTEp.
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Influence of oxidative stress on antioxidant response protection of plants

Abstract. The effect of long-term combined exposure to temperature stress and viral infection on
the antioxidant defense system of Nicotiana benthamiana plants was studied in this work. It was shown
that oxidative stress caused by the combined action of biotic and abiotic factors has an ambiguous effect
on the development of the pathogen in the leaves of Nicotiana benthamiana plants. The article shows
the heterogeneity of the impact of heat and cold stress and viral infection on the content of reactive
oxygen species in the leaves of Nicotiana benthamiana plants. Thus, it was shown that low-temperature
stress led to an increase in the level of accumulation of superoxide radical in plant leaves, while the
effect of combined stress did not lead to a greater increase in the accumulation of superoxide radical.
The combined effect of cold stress and viral infection led to an increase in the content of hydrogen
peroxide, while there was reduced catalase activity. At the same time, a sharp increase in aldehyde
oxidase activity was observed under temperature stress. The highest activity of the enzyme was
observed under the combined effect of low temperature and viral infection. Thus, it can be assumed that
oxidative stress in plant tissues leads to an increase in the level of accumulation of reactive oxygen
species while affecting the enzymes responsible for the balance of accumulation of reactive oxygen
species in plant tissue in response to a pathogen attack.

Keywords: temperature stress, Nicotiana benthamiana, TBSV virus, reactive oxygen species,
enzymes.
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XITAP 34.35.15

A. 3angwioan'*, b. Aax0ait?, b. JKantokos!

/1.H I'ymuaes amvirdazol Eypasus yammutx yrnusepcumemi, Acmana, Kasaxcmar
2E.A. boxemos amuirdazor Kapazandvl ynusepcumemi, Kapazanodv, Kasaxcmarn
*Bbatirnanvic ywin agmop: amanbek_z@mail.ru

Hyp-Cyaran Kaaacel AaMaThbl ay 4aHbI TONBIPAFbIHBIH
reoreAbMMHTTEPMeEH AacTaHy Karaayibl

AnpaaTtna. Kaiaa monvipazvii Aacmayulvl He2isei k030epdi, AacmayuoiAapobit, myp KypambviH,
MOAULEPTH AHLIKMAY, 0AapOLIH, Kopulazan mabuzu opma MeH mypeuindap 0eHcayAviebiHa acepin
Oazaray xymvicmapvr 0i30iH, eAimisde AT MOALIK Uelimi KoK Macererepdin, kamapoinoa. Kara
MONvIPAZUIHA  AHMPON0ZeHIIK KbICLIMHVIN apmybl, aca kayinmi eHdeAMeimin sammapoviy
KUHAKmMAAyvl, monvipax Oeminiy cy emmeimin kabamnen XaOvlAyvl KAAA MONLIPAZOIHLIH
KYPOIALIMOL  MeH  KYpambuiHoe, — Oysviaybina  cebenui  00Ayda. Maxarada Kainvi KaAa
MonvipazuiHda MipuliAix ememin zexvmurmmepdi sepmmeydir; 0ApvLICHL MeH 03eKMiAizi, OAApIbIH
myp Kypamvi, mapary xaatuAapvl MeH epexuleAikmepi, MipuliAiK auHAALIMbL 00TbIHILA
2UIALIMU erbexmepee WoAY KacarviHean. Tonvipax opmacoiivly AACMAHYb KAH-KAHYApAApObIH,
adamoapduvir, apaceiHoa KYKnaivl UHEASUAAVIK aypyrapdoiy maparyvina oacmor Paxmop 00Aa
omuipuin, Asvik, MAMAx eHiMOepiHit canacviia, Xep AcHvl XaHe 0eMKeUAiK Y KOPAAPLIHOIH,
ammocdepa ayacvl Kepcemxiuiine kepi aceprepi 00AamviHvl darerderzen. Kara monvipazoinuiy
XUMUSADIK,  OUOAOZUAAVIK, MUKPOOUOAOZUSAAVIK  AACMAHY  KaA0aiivl, AACmayuivl  Kesdep,
AACMAHZAH MONLIPAKIMbIH, KOpuiazar opmaza acepi 00UbIHULA HIAVIMU 3epmmeyAepoit, 03eKmiAizi
bottoina molcardap Keamipirzen.  Amaiean 2oiAbMu 0azbimma sepmmey Kymovlemapouit
aremoe, eAimizdi  Kypzisiay Oapuvicor cunammanear. Convimer wamap, Hyp-Cyaman xaracol
AAmamol  ayoanvl  1MONLIPAZOIMOIY — 2eADMUHMIMEPMER  AACMANY — KAOAbINA  XKYpeisirzeH
sepmmeyaepdity  namuxerepi mardarearn. Hyp-Cyaman  waracol  Amamor  ayoarvivir
2eAbMUHMIMepMEH AACAHY MYMKIHULIALZL ap mypAi Oec nykmeden (Pomanerxonoiy, aparac
adici 0oTibIHULA) HKVIADbIH HOPIN ME32IATHOe AALIHZAH MONLIPAK COHAMANAPDL 3ePIiey2e AAbIHODL.
3epmmey Hamuxecitde madLIAAH 2eABMUNHMIMEDP KYMOPMKAAAPOIHOLIH, mMYp Kypamol (YuLkip
Kkypm - Enterobius vermicularis), Aam0aus - Giardia duodenalis xoane acxapuda - Ascarididae),
canvl (42) anvikmanrzan. AHVIKMAAAH 2eADMUHIT KYMUPMKAAAPLIHLIY, monvipakma Kesdecy
SKuiAiel OOUbIHULA KOpULAZAH Opmazd KaAYinmiAik detjzetiite 0aza Oepirzet.

Tyrtin ce3aep: kara monvipazol, ypoaHusayis, AACMary, 2eAbMuHmmep, ColHaMaA.

DOI: 10.32523/2616-7034-2022-140-3-39-46

Kipicne

FaapiMgapably Kada TOIIBIparblH 3epTTeyre JereH KBI3BIFYIIBIABIFRI  ypOaHM3alusAAaHFaH
ayMaKTapAblH yAFalOBIHAH KelliH TYpaKTHl Typae apThinl Keaei. Kasipri yaksITra oaem XaaKbIHBIH 3/5-
TeH acTaMBbl ypOaHU3aIsAaHFaH ayMaKTapa Typaabl. EH ypOanaaaran memaekerrep Kyserir (98.3%),
Baxpera (96.2%), Karap (95.3%), Maabra (95%) 60apmm Tabbraaas. Coartycrik sxoHe bateic Eypomasa
Ka/a XxaaKbIHBIH yaeci 80% - AaH acaasr [1].

Tonelpak - KOpIIaraH OpTaHBIH aya >XKoHe Cy KOMIIOHEHTTEpiHiH ©3apa opeKeTTecyi >KypeTiH
Ka/AaAblK, 9KOAOIMAABIK JKYJieHiH Heri3i. ToIbIpakThIH >KaFjaiibl, A€HCAayABIFBl alaM AeHCayABIFbI MeH
JKacblAd KeHICTiKTi aHbIKTaiAbl. KasaablK TOIbIpaK KadadapAblH 9KOAOIMAABIK >KoHe CaHMTapAbIK
JKarAalibIHBIH MaHBI3ABl (PaKTOpBl 00BNl TaOblaaabl. Epekime KacmerTepiHiH apKacbhlHAa TOIIBIPAK
Kadaja CaHMTApABIK (PYHKIIMAAApABI OPBIHAANABL, TATOTeHAIK MUKPOOPTaHM3MAEpPAi KOAABI >KoHe
OpraHMKaAblK KaAAbIKTap MeH Tipi OpraHmaMaepAiH aaMacy ©HiMAepiH bigblpaTadbl. Kaaaabik
KyiteaepJeri ToIplpak IIpoliecTepiH 0Oackapy VIIiH KadadapAblH TONBIpaK —>KaMBLAFBICBIHBIH
DKOAOIUAABIK KaFAalibIH 3epTTey kKoHe OaKblaay, MOp(POAOTUAABIK, PU3MKAABIK, XUMUAABIK JKoHe
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O10AOIMAABIK KOPCEeTKIITepAl KaMTUTBIH KadaAblK TOIIBIpAK callachlH KellleHAi Oaraday oJicTeMeciH
asipaey xaxer [2,3].

TompipakThlH ~ OMOAOTMAABIK — AacTaHybl — OKYKIaAbl >KoHe MHBA3MAABIK —aypyadapAblH
KO3ABIPFBIIIITaPABIH, COHAAM-aK 3MAHABI )KoHAIKTep MeH KeHeaepAiH, ajaM, JKaHyapAap MeH eciMAikrep
aypyAapbIHBIH KO3ABIPFLIINITAPbIHBIH TapaAdyblHaH TyblHAAFaH OpTaHMKAaAbIK, JAacTaHYAbIH a’KbIpamac
Oeairi [4].

Tonelpak opracel KOpIIaraH OpTa HBICAHAAPBIHBIH INIiHAEe IeAbMUHTTEPAIH WHBa3UAABIK
TipHIiairinig 6acTaaysl MeH yaKbITIIIa MeKeHi peTiHge eH Ko4aliapl opTa 00abil TaOblaaAbl. Easi-mMexen
TOIIBIPAFbIHBIH, TeAbMMHTTEpPMeH JacTaHyblHa eH OeliliM aymaKkTaphbl casOaKrap, allblK adaHJAap,
CKBepAep, ayAaablK KyM >KIIIiKTep, Karaxkalldap MeH T.0. OpbIHAap. OJAeMHIH ap Typai eagepiHge
KYPri3iareH 3epTTeyaep HaTuKeadepi ypOaHmu3alusAlaHFaH ayMaKTap TOIBIPAFbIHBIH Vi1 KaHyapAaphl
dcepiHeH IeAbMUHT KYMBIpTKaJlapbIMeH JacTaHy gapexeci (2,9%-aanH 60%-Fa AeitiH) >KOFaphl eKeHiH
aHBIKTaAbI [5,6].

TomsIpak reabMMHTTEPi apKBIABI KYFaThIH MH(pEKIUAAAP d4eMAe AeHCayAbIK CaKTayAblH ©3eKTi
MoaceeaepiHiH Oipi 00bIT TaObLAaABI )KoHe OHBIMEH 1,5 MuAAMapATaH acTaM adaM KYKTBIpFaH [7].

Tonplpak reAbMHUHTTEPI CyMeH KamMTaMachl3 eTiAMereH, CaHUTapUsABIK, TMIVIEHAABIK TaslaIllTap
TOMeH allMaKTapJa >koHe TaObICBI ToeMeH Asusa, Adpuka, /aTeiH AMepUKacChIHBIH eljepiHde KeI
TapaaraH [8,9].

FrrapIM pertinge reAbMMHTOAOTUSHBIH HeTi3iH Kadayra kel eHOekTeHreH akagemMuk K.V, Ckpsaoun
604451, O 1925 KBLABI TYHFBIII PeT JereAbMMHTU3AIM TYCiHIirH ychHABL. OraH CBIPKATTELI eMaey FaHa
eMec, KOplllafaH OpTada IeAbMUHTTEpAiH >KYMBIPTKaJlapbl MeH AePHOCiAAepiH KOATBIH CaKTaHABIPY
IIapaJapbIHbIH KYleci ae eHriziagi. 1944 sxpanl Opra Asusa meH Kasakcranga Oipas yakpIT >KyMBIC
’KacaraHHaH KelfiH, o4 Oeariai aiiMaKTa TeAbMUHTepAi OMOAOIMAABIK TYP PpeTiHAe Tyreajem >KOIO
TypaAbl NPUHINUIIIH eHri3Ai, celTin Oya iaiM reAbMMHTTEpMeH KypecyAiH Herisi 60aapl. KeitinneHn
MeAUILIHAABIK TeABMIHTOAOTIS FBIABIMEI 9p OarbITTa KeH gaMm OacTadbl. Ocipece, reAbMUHTOAOTIS
caZacelHBIH Heri3iH KaaaraH 3.I. Bacmaxopa sepTreyaepiHiH FBIABIMU ToXKipuOeAik MaHBI3AbLABIFBI
aptTel. bya Oarprrra isgenicrep P.C. Ilyas1, H.A. Pomanenko, I1.K. ITaguenko, B.B. YeOrmmesrap a1y
eHOeKTepiHAe KaAFfachlH TaIIThI.

[Tapasurrepain gamy cunareiHa Kapaii K. Ckpabun sxene P.C. Hlyapl; reabMmHTTEpAL €Ki
TOIIKa 0e/eai: reoreAbMMUHTTEP JKoHe OMOreAbMIHTTED.

l'eoreabmuntrTep apaaslk necis dgamuapl. OaapAblH >KYMBIPTKaAapbIHBIH AaMybl YIIiH KOAallAbl
opTa TOHBIpaK OOABII TaOblAaAbl. l'eAbMMHTO30eH HayKac adaM MeH >KaHyapAapAblH HoXiciMeH,
©/eKceciMeH TOIbIpaKkKa TeAbMUHTTePAiH XKYMBIPTKaAapbIHbIH OackIM Oeairi mbrrapsaaasl. Herisinen,
oJap - ackapuja >KoHe >KYMBIp KypTTapAblH Kelbip ekiagepi. TombipakTeiH OeTki KaOaThIHAAFBI
TeAbMUHT >KYMBIPTKaJAapbIHBIH OachlM 0e4iri mMHcoAsAIMsA >KoHe KypraydaH KbIpblaaabl. — Aa
TonbIpakTelH 2-4eH 10 cM TepeHAiriHAeri IreAbMMHT >KYMBIpTKadapel 7-aeH 10 >kplara gentiH
eMipIeHAiriH cakranasl [10].

Kasakcran MeH ofaH IIlekapasdac eajepde TeAbMUHTO3Jap OOMBIHINA BSIM300TOAOTUAABIK-
SIUAEMUOAOTUAABIK Xaraall erte Kypaeai. TM/ men Kasaxcransa agamgap apacblHga aypyllaHABIK
TpuxmuHeaae30eH 6,1 ece, TokcokaposbeH 9 ece, andpnaarodborpnosden 9,3%, ommucropxosden 11,3 ece
eckeHi Oatikaaaapl [11].

3epmmeydiry,  maxkcamvr -  Hyp-Cyatan  xaaacel ~ AamaThl  aydaHbBl — TOIIBIPaFbIHBIH
reoreAbMMHTTEpPMeH AacTaHy >KafaalibiHa Oara Oepy.

3epmmeydir; mindemmepi: Hyp-Cyaran kaaacel AamaTthl ayAaHbl TOIIBIpaFbIHAAQ Ke34eceTiH
reAbMMHTTEPAIH TYp KYpaMBbIH aHBIKTay; ITeAbMMHT >KYMBIPTKaJapblHbIH Tapaldy CaHbBIH aHBIKTay;
TOIIBIPAKTBIH TeABMMHT JKYMBIPTKalapbIMeH AacTaHy AapekeciHe Oara Oepy.
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A.3andwbaii, b. Aaxbéaii, 5. 2Kanmoxos

3eprTey aaicTemeci

3epmmey movicanvi: Kaaa TONBIparbIHBIH TeABMMHT >KYMBIPTKadapblMeH JacTaHy >KaFlailbIH
3epTTey yIIiH 0i3 TYpFhIHAAPABIH KOpIIaraH OpTaMeH OailAaHbIChl JKoHe aypyAbl JKYKTBIPY MYMKiHAiri
JKOFapbl OOABINI TaOBLAATBIH KeIlle, alaH MaHJAapbl TOIIBIPAFbIH 3epTTey HbICAHBl peTiHAe TaHAaAbIK.
Artam anrap 6oacak, Hyp-Cyaran xasacer Aamatel aydaHbl OOMBIHINIA KeAecCi HyKTeAepAeH aAbIHABL 1.
Kepyiipik casbarer (b. Mombimyasr . 31B). 2. Cxsep (AOslaatixaH agaHFbIABL 25). 3. AareiHai Oaaa-
6axmmacer (ITerposa k. 3/1). 4. Ken caaaanr Nel kaaaawik aypyxana (P. KomkapOaes k. 66). 5. Kartsr
TYPMBICTBIK KaAABIK >KMHAWUTBIH KOHTeliHep aaanbl (O. JKoHiOekos >xoHe CapbIH KellleCiHiH KUABICHI)

(Cyper 1).
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Cypert 1. Hyp-Cyaran Kaaacel AaMaThl ay4aHbI TOIBIpaFbIHAH reoreAbMUTepPAi aHBIKTay YIIiH
CbIHaMa aAbIHFaH HyKTeaep

3epmmey adicmemeci: ['eAbMUHT >XYMBIPTKaAapbIH aHBIKTay YINiH TOIBIPAKTHI 3ePTTeyAiH eH Kol
TapaAfaH adici - PomaHeHKOHBIH apasac 94ici, OHAa HATPUil HUTPATHIHBIH KaHBIKKAH epiTiHAici
(pA0TALMAABIK CYMBIKTHIK peTiHAe KOAJaHbLAaab! [12].

TonpipakTan reABMIUHTTEpPAl aHBIKTayAa TY3eTy KOO(QPUIIMEHTIH CThIOAeHT KpUTepuiii OOMBIHIIA
Oaraaay xyprisiaai (MaBbI3ABIABIK geHrerii 0,95) [13].
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3epTTey HaTILKeAepi

3epTTey >KYMBICHI >KBIAABIH TOPT MesTidiHge Xypriziaai. Hertmkecinge, xpla Mmesriagepine
0aliaaHBICTBI TOIIBIPAKTa TeABMMHT >KYMBIPTKaJdapbIHBIH Ke3Jecy >Kuidiri ap Typai 0oaaTbIHBI
aHbpIKTaAApl. HeridineH, >kazga reAbMUHT >KYMBIPTKaJdapbIHbIH CaHBl TOIIBIpaKTa KbICKa KaparaHja 2
ecere XybIK KeIl Kesgecti. Kaamel Oip xblaga 5 HykreaeH 4 per aapiHraH 20 cpiHaMaga 42 reAbMUHT
JKYMBIPTKach! TaOblaabl. Oaap yuikip KypTreiy (Enterobius vermicularis) - 9 aana, aasmOansauby (Giardia
duodenalis) — 18 aaHa >koHe ackapmaaHblH (Ascarididae) - 15 gaHa SKyMBIPTKaAaphl.

Kepyiibik cagbarbiHad (B. Mompimyaer k. 31B) aabiHraH Tomnblpak ChlHaMaJdapblHaH KysJe - 2,
KbIcTa -1, KokTeMae - 2, xa3da - 4 Cksep (AOblaaiixaH g4aHFBLABI 25) ayMarbIHAAFbl HYKTeAeH KysJe - 3,
KBICTa - 2, KOKTeMJe - 3, XKasja - 5, KaTThl TYPMBICTBIK KaAAbIK >KMHANUTBIH KOHTeliHep adaHbiHaH (O.
JKonibexos >xonHe CapblH KeIlleciHiH KMABICHI) Ky3ae - 5, KpIcTa - 3, KoKTeMae - 4, )Kasja - 7 TeAbMUHT
JKyMBIpTKadapsl Tabbiaabl. Ken cazaapr Nel kaaaanik aypyxana (P. KomkapOaes k. 66) HyKTede TeK
’Kasga 1 raHa TeABMUHT >KYMBIPTKAChl Keddecce, «AATbIHai» Oasa-Oakracel (I[Terposa k. 3/1)
ayMarbIHaH aAbIHFaH TOIBIpaK CbIHaMachIHaH TeAbMMHT XXYMBIPTKaAapbl TaOblAFaH X0K (Cyper 2).

3epTreyaiH HoTIDKeAepi KOpCeTKeHAell KOMMYHAAABIK TOABIK >KaOABIKTaAFaH, CAHMTAapPABIK
TaJallTap caKTaAfaH ayMaKTap TOIBIpaFbIHAA TeABMIHT JKYMBIPTKAAapbIHbIH a3 Ke34ecKeHi OallKaaAbl.
A2 TeAbBMIHT >XYMBIPTKaJapbIMeH >KeHil JAacTaHfaH HYKTeHi (KaTThl TYPMBICTHIK KaAABIK >KMHAaTBIH
KOHTeIIHep aJaHbIH) XXep yillepAiH KOMMYHaAABIK >KapThlAall FaHa >KaOAbIKTaAybIMEH, 1eCi3 UTTepAiH
KOII JXypyiMeH OallaaHBICTBIPYFa O0AaAbl.

[

[uy

KATThl TYpMBICTEE Kanael,  CkBep (Abbnaiizan Hepyiter caabarel (B, Ken canameiMel xanansk; AnteHaH bana-baxmacel

HMHARTBH KOHTeRAHD OaHFBMEL 25, Mompmryneik 31B)  aypyzada (P Komkapbaes (TletpoBa k. 3/1)
amane! (2 JsHiberormen K 66)
CapbH KelleciHiy
KHTEICE])

HKys EKbic M HKektem MKas

Cypert 2. CbiHaMa HYKTeAepiHeH TeAbMIHT XYMBIPTKaAapBIHBIH Ke34eCy CaHbI
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KopbITBIHABI

bisain seprreyimisaiy HeTioKeaepi kepcerkengeit, Hyp-Cyaran kaaacel AamaTbhl ayAaHBI
TONBIparbIHAA TeAbMUTTepAiH 3 ekiaiHiH (ymkip KypT -Enterobius vermicularis, asmbaus - Giardia
duodenalis >xoHe ackapuga - Ascarididae) XyMBIpTKadapbl Ke3dgecedi. bya kKepceTkill TOIBIpaKThIH
reAbMMHT >KYMBIpTKadapbhIMeH JacTaHy Jopeskeci HOpMaJaH TOMeH eKeHiH Jaaelijeiigi. JereHMeH
TONBIPAKTBIH AacTaHybl OalikaAfaH KaTThl TYPMBICTBIK KaAAbIKTap JKMHAMTBIH adaHAapAa CaHUTapPAbIK,
TaJanTapAbl KYIIeNTiIl, yHeMi OaKblaayaa ycTayAbl KaXKeT eTedi.
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A. 3anawibaril, b. Aax6aii?, b. JKaHTOKOB!
IEspasuiickuti Hayuonarvrulii ynusepcumem umenu A.H. I'ymuresa, Acmana, Kasaxcman
2Kapazandurickuit yrusepcumem umeru E.A. byxemosa, Kapazanda, Kasaxcman

CocrosHne 3arpsi3HeHIsI I101B reoreAbMIMHTaMM1 A aMaTMHCKOTO pa1710Ha ropoaga Hyp-CyATaH

AnnoTtamms. Pabora 10 ompeaeAeHMIO OCHOBHBIX MCTOYHMKOB 3arpsA3HeHNus IIO4YB TOpoAa,
BIAOBOIO COCTaBa, KOAMYECTBa 3arpsi3HUTeAel], OlleHKe MX BAMSIHIU:A Ha OKPYKaIOIIyIO0 IPUPOAHYIO
cpeay U 3A0pOBbe HaceAeHUs SABASeTCsA OAHOM 13 Ipo0AeM, 40 CUX ITOp He pellleHHBIX B Halllell CTpaHe.
IloBplllleHNe  aHTPOIIOT€HHOV Harpy3kM Ha IIOYBy TIOpOJa, HaKOILAeHNe OcCODO  OIlacHBIX
HeoOpaOaThIBaeMBIX — BeIllecTB, IIOKpBhITVe IIOBePXHOCTM IIOYBBI BOAOHEIPOHMIIA€MBIM  CAO0EM
IIPOBOIIMPYIOT HapyIlleHNe CTPYKTYphl I COCTaBa IIOYB Topoga. B craThe npeacrasaeH 0030p HaydHBIX
TPY40B IO XOA4Yy M aKTyaAbHOCTU MCCA€AOBaHMS IeAbMUHTOB, OOMTAIOIIMX Ha TOPOACKMX ITOYBax B
11eA0M, UX BUAOBOMY COCTaBYy, YCAOBMAM U OCOOEHHOCTSAM pacIpOCTpaHeHNs, JKU3HEHHOMY IIUKAY.
/JloKazaHO, YTO 3arps3HeHNe IIOYBEHHOI CpeAbl, SBASACh TAaBHBIM (PAKTOPOM paclpOCTpaHeHNs
MHQEKITMOHHBIX MHBAa3MOHHBIX 3a004€BaHNIil CpeAy KMBOTHBIX, A104el1, OKa3blBaeT HeraTMBHOe BANSHIe
Ha KayecTBO KOPMOB, IUIIEBLIX ITPOAYKTOB, IIOKa3aTeAu II0A3eMHBIX M IIOBEPXHOCTHBIX 3aIlacoB BOABI,
aTMocepHOro Bosayxa. IIpuBejeHbl IpMMephl IIO COCTOSHMIO XMMMYECKOIO, OMOAOTMYeCcKOro,
MMKPOOMOAOTMYECKOTO 3arps3HeHIs TI0YB TOpOAa, ICTOYHMKAM 3arpsi3HeHNs, aKTyaaAbHOCTU Hay4HBIX
1ICCA€J0BaHNUII 10 BAVMSHUIO 3arps3HEHHBIX IIOYB Ha OKPYKalollylo cpegy. B ganHOM HayyHOM
HaIlpaBJeHUM OIlMCaH XO/ IIPOBeAeHNs JcCAeA0BaTeAbCKUX pabOT B Mupe, cTpaHe. B crartbe Takxke
IIpOaHaAM3MPOBAHbl  Pe3yAbTaThl IPOBeJeHHBIX ICCAeJOBaHMUII COCTOSHMS —3arps3HeHus I10YB
reAbMyHTaMM AamaTtuHckoro paitoHa 1. Hyp-Cyaran. Aas nccaeaoBaHist ObLAM B3SAThI OOpasIIbl IIOYBLI
U3 IISITY TOYeK 3a YeThIpe Ce30Ha roja (CMeIlaHHBI MeTos PoMaHeHKO), KOTOphle MMeIOT pa3AndHbIe
BO3MOJKHOCTM 3apakeHus TreabMuHTamu B AamatmHckoMm paiione r. Hyp-Cyaran. B pesyabrarte
nccaejoBaHus ObLA OIlpeJeseH BUAOBONM COCTaB M UMCAEHHOCTDh (42) HailgeHHBIX sANI] TeAbMUHTOB
(ocTpsiit yepsh - Enterobius vermicularis), aam6amm duodenalis 1 ackapuapr - Ascarididae). Onennan
cTeIleHb OIIaCHOCTM Ha OKPY>KAIOIIyIO Cpeay I10 JacTOTe IOsABAeHMs NIl TeAbMIHTOB, OOHaPY>KeHHBIX B
IIoyBe.

Karouesnie caoBa: ropojckast 1odsa, ypoaHmu3alsl, 3arps3sHeHne, reAbMUHTEI, ITpoba.

A. Zandybay?, B. Dahbai?, B. Zhantokov?!
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2E.A. Buketov Karaganda State University, Karaganda, Kazakhstan

The state of soil pollution by geohelminths of the Almaty district of Nur-Sultan

Abstract. The work on determining the main sources of soil pollution in the city, the species
composition, the number of pollutants, and assessing their impact on the environment and public health
is one of the problems that have not yet been solved in our country. The increase in anthropogenic load
on the soil of the city, the accumulation of particularly dangerous untreated substances, the coating of
the soil surface with a waterproof layer provoke a violation of the structure and composition of the soils
of the city. The article presents an overview of scientific papers on the course and relevance of the study
of helminths living on urban soils in general, their species composition, conditions and features of
distribution, life cycle. It is proved that soil pollution, which is the main factor in the spread of infectious
invasive diseases among animals and humans, has a negative impact on the quality of feed, food
products, indicators of underground and surface water reserves, atmospheric air. Examples are given
on the state of chemical, biological, and microbiological pollution of the city's soils, sources of pollution,
and the relevance of scientific research on the impact of contaminated soils on the environment. This
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scientific direction describes the course of research in the world, the country. The article also analyzes
the results of studies conducted on the state of soil pollution by helminths of the Almaty district of Nur-
Sultan. During the study, there were taken soil samples from five points for four seasons of the year
(Romanenko's mixed-method), which have various possibilities of infection with helminths in the
Almaty district of Nur-Sultan. As a result of the study, there were determined the species composition
and abundance (42) of helminth eggs (acute worm - Enterobius vermicularis), giardia duodenalis, and
ascarids - Ascarididae). The degree of danger to the environment was assessed by the frequency of
occurrence of helminth eggs found in the soil.
Keywords: urban soil, urbanization, pollution, helminths, sample.
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OI_IEHKa pOCTCTI/IMyilI/IpyIOHJ,'eﬂ dAKTMBHOCTM MUKPOOPTaHNU3MOB,
Bbla€A€HHDbIX V13 IIOYBbI AKMOAMHCKOM 001aCTH

Annortanus.  [lepcnekmugioim — HAnpasAeHuem — OUOAOZUMECKO20  3eMAeDeAUs  S6Aslenmcs
1CNOADB306AHUE NOMEHUUAAA OASHOL NOHEEHHOTL U PUSOCPHepHOTl MUKPOPAOPDI, Cpedu Komopoil
SHAMUMOE Mecmo saHuMmarom asomuicupyroujue U - Pochammodurusyrouiue npupootvie
Mukpoopzarusmel. Buonpenapamot, cosdanivie HA O0CHOBE NOUGEHMLIX MUKPOOP2AHUIMOS,
103605101 USMEHUMb  100X00bL 6  MEXHOAOZUU  GUIPAUGUEAHUS  CeALCKOXO3SUCEEHHLX
pacmenuil. A uMeHHO npu ombope UMAMMOS NOMEHUUANDHLIX NPoOYLeHInos buonpenapamos
BAXHDIM ACNEKTNOM S6AAEHICS UX CHOCOOHOCTL OKA3DIBANb NOAOKUMEADHOE 6AUSHIUE HA POCH U
paséumue pacmenus, 00ecnewusas UM MuHeparbHoe numarue, AVANMAUUID K PASAULHOIM
cmpeccam, npedoXpaHamv NOYGbl OMl  UCIOULeHUS, 60CCHIAMABAUSAMb UX eciectgeHHoe
nA000podue u noddepRueamb OUOAOZUECKOe PASHO00pa3Ue PACTIUMEADHVLX C00014ectg.

Lleavio  uccaedosanust A6ASACS OMO0p NepcneKmuHLLX  MUKPOOP2AHUSMOE, 00AADAIOULUX
8DICOKOI POCICIMUMYAUPYIOUEll AKIMUSHOCIIbIO 6 OMHOULeHUY MAKUX CeABCKOXO3SAUCHBEHHLX
KYAbIMYp, Kak nueHuua u uedesutd. B pesyrvmame nepsuyiozo ckpumumea 6viro evidereto 76
U30AAMOE NOouGeHHbIX Oakmepuil, 16 U3 KOmMopvix OviAu omodparvl Kak Hauboee AKMUGHOLe
US0ASMbL, NPOSGASION e  GblpaXeHIble AHMUMUKpoOvle ceéoiicmed. aree us Hux Oviau
omobparivt 7 uimammos murpoopzarusmos (D.acidovorans 11I-1, St.maltophilia K2K-1, B.cereus
Tb-1, E.cloacae Kb-2, E.ludwigii Tb-2, E. cloacae 1115-2, E.cloacae T-3), npossusuiux 6vicoKyio
cmeneHb 6CX0KeCHIU CeMAH pacmeHuil.

buiao yemanosaero, umo 6akmepuarvhas cycnensus kaxdozo us uimammos P.fluorescens AK-4,
St.epidermidis ChK-4, B.cereus Th-1, E. cloacae Kb-2, E.ludwiqii Tb-2, E.cloacae 1115-2, E.
cloacae T-3 okasviéaem 6vicokoe pocmcmumyAupyouLee Oelicmeue Ha pocmosvle NOKASAMEAU
nuenuyvl. Ilpu obpabomie cemsH ueuesul bl KYALMYPAALHOU KUIKOCHIDIO KAXKD020 U3
wmammos B.cereus Thb-1, E.cloacae Kb-2, E. ludwigii Th-2, S.marcescens TK-2, E.cloacae I115-
2, E.cloacae T-3 y6eAutusarch pociiogbie NOKA3AMEALU 60 6CeX UCCALOYeMbLX KOHUEHMPAUULX.

B pesyrvmame 0viAu Gbis6AeHDl HAUOOACE AKTUGHDIE MUKPOOPZAHUSMbI, 00 adatoujue 6biCOKOl
pocmcmumMyAupyouetl aKmueHoCHolo 1 Y6eAUUUGAtou e 6cXoxkecms cemsar pacmeruil. Takum
00pasom, omobparivle nepcneKmusHovle UWIMAMMDL OAKMepUll pekoMeHOyomes 6 Kadecmse
0CHOGVL OASL paspadomKy GUONpenapanos, NOSLIULAIOULUX BCXOKECTL CeMAH U CHIUMYAUPYIOULUX
PpocH1 CeALCKOX03STCEEHHBIX PACHIEHUIL.

KarogeBble caoBa: nuieHuua, 4euesuia, pocmcmuMyAupyousas aKkmueHoCmv, 6CX0XKectnb,
npopacmariue cemsm, CKpUHuHz.
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BBeaenue

Vcrioab3oBaHMe B IMPaKTHKe CeAbKOTO XO3:1ICTBa OM10A10TMYeCKNX IIperiapaToB, KOTOPbIe CO3AaHbI
Ha OCHOBe a30TPUKCUPYIOIINX MUKPOOPTAaHU3MOB ¥ PU300aKTepUii, CTUMYAMPYIOIINX POCT pacTeHuit
(plant growth-promoting rhizobacteria — PGPR-OakTepmii), siBAseTCs OAHMM M3 TEXHOAOTUMYECKMX
IIPVEeMOB, CITOCOOCTBYIOIINX ITOBBIIIIEHNIO YPOKasl KyABTYPHBIX pacTeHuii [1-2].

CKpMHMHT ~ TIOYBEHHBIX  PU3OCPEpPHBIX  MMKPOOPTaHM3MOB IO  MPU3HAKy  BBICOKOII
a30TPUKCUPYIOIIell aKTUBHOCTY II03BOASIET BBIAEAATh HOBBIE BMABI U INTAMMBI OaKTepuii, KOTOpEIe
MOTYT OBITh MICIIOAB30BaHBI B KauecTse D(PPeKTUBHBIX MHOKYASTOB 3epHOBBIX KyAbTYP [3].

Cr1ocoOHOCTh MUKPOOPTaHU3MOB CTUMYAMPOBaTh POCT PacTeHMII CBs3aHa C TPeMsI OCHOBHBIMU
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daxropamn: 1) mpoayknuent nMu GUTOTOPMOHOB, PeryAUPYIOIINX POCT PacTeHMII; 2) IOBBIIIEHeM
110/ MIX BAMSHMEM AOCTYITHOCTU AAsl paCTeHUI DAeMeHTOB NUTaHNsA. DTU CBOJICTBA MOTYT IPOABAATHCS
y pasHbix BuA0B PGPR-0akTepnit nam codeTraTscsl y OAHOIO U TOTO >Ke BuAa [4-5].

PGPR-0Oakrepnii NpUMEHSIOT K PasAUYHBIM KyAbTypaM AAsl yAy4IIeHUs pPOCTa, BCXOXKeCTH,
ypoxxanHoctu [6-9].

K PGPR-6akrepusiMm oTHOCATCS poasl Acetobacter, Aeromonas sp., Aneurinibacillus aneurinilyticus,
Azotobacter, Azotospirillum, Bacillus, Burkholderia, Bradyrhizobium, Pseudomonas, Paenibacillus, Rhizobium,
Xanthomonas u T.4., KOTOpble YCUAMBAIOT POCT PacTeHUI C IIOMOIIBIO pa3ANMIHBIX MeXxaHn3MoB. Cpean
pasanuneix PGPR-Gakrepuit poa Bacillus u Pseudomonas sBASIIOTCSI HamOoJee MHOTOYMCAEHHBIMU
podamu B pusocdepe. DTU MITaAMMBI BEIAEASIOT Psj MeTabDOANTOB, KOTOPBIE BAUSIOT Ha OKPY>KaIOIIyIO
cpeay, yBeAndnBas AOCTYIIHOCTh IUTaTeAbHBIX BeIeCTB AAs pacrenumii [10].

BrisiBA€HO, 4TO IpeAIioceBHas MHOKYASAIIS CeMsH sPOBOJ MIIIeHNIIbI IIITaMMaMy pr300aKTepuin
CIIOCOOCTBYeT YCIAEHUIO pOCTa PacTeHMII B BBICOTY (40 14%), yBeAnmdeHNIO KoAndecTsa 3epHa (40 16%),
KOAMYeCTBa MeXKA0Y3AMI 110 CPaBHEHMIO C KOHTPOAeM, a TakKe yBeAndnBaeTcsl Macca KopHeli (40 35%),
auctpeB (20 60%), couBetnii (40 24%), coaomsr (40 48%) [11].

[Tpumenenne puszobakrepun Pseudomonas okasbiBaeT 3Ha4NUTeABHOE BAVISIHIE Ha POCT pacTeHMUI,
yPO>KallHOCTb U KOMIIOHEHTHI ypoO>Kas, a TakK’Ke Ha COAep>KaHNe INNUTAaTeAbHBIX BeIeCTB B CeMeHax
yeueBUITHI [12].

Takum obpasoM, 0A0KUTEALHBIN 9PPeKT DakTepusauy ceMsIH 3aBUCUT OT psja (PaKTOpOB:
aKTMBHOCTH IITaMMa MMUKPOOPTaHNM3Ma, KOHIIEHTpaluy CyCIeH3UM KAeTOK, KOAMJecTBa 011010TdecKn
aKTMBHBIX BEIeCTB B CYCIIEH3UM, IIPOAOAKUTEABHOCTII OOpabOTKI CeMsIH, Biija PacTeHNIl, COCTOSHII
abopureHHoi MUKPO(PAOPBHl B MOMEHT IIOCeBa, OCOOEHHOCTeN ITOYBBLl, YCAOBUII arpOTEXHIYECKOTO
komriaekca [13]. OTkpriBaloTCsl OOABIINE MEepPCHeKTUBEI 10 ITOMCKY, BbIAAEHUIO U M3YJeHUIO HOBBIX
BIAOB OaKkTepmil, MOAOXKUTEABHO BAVLIIOIINX Ha pasBUTHE pacTeHNil, C IeAbl0 CO3JaHMSI HOBBIX
MMKPOOMOA0TYeCKIX ITperiapaToB 445 ajallTUBHOTO pacTeHneBoAcTsa [14-15].

Ileaplo aaHHOTO MCCAEAOBAHMUS  SIBASIACSL OTOOp  I€PCHEKTUBHBIX ~ MUKPOOPTaHU3MOB,
0041a4alOIINX  BBICOKON  POCTCTUMYAMPYIOLIEN  aKTUMBHOCTBIO B OTHONIEHMNM  TaKUX
CeAbCKOXO3SIIICTBEHHBIX KYABTYP, KaK IIIIeHNIIa 11 YyedeBuIia.

MaTepI/IallbI M MeTOAbI NCCA€AO0BaHMSI

MatepnaaoM MCCA€40BaHMII CAYKMAM MUKPOOPIaHM3MEI, BBIAEA€HHBIE U3 pU3ochepsl
nmennipl TOO «Ilyiickoe», TOO «Koayronckuit» m TOO «Tonkepuc» AxkMoamHckoit obaactu. V3
AAHHBIX OOpa3IIOB IIOYBBI BCETO OBLAO BBIAEAEHO 76 M30A5ITOB, KOTOpBIE OBLAM MCCA€JOBAHBI Ha
aHTMMMKPOOHYIO aKTMBHOCTD. /lasee OblA MpOBeAeH CKPMHMHI Ha POCTCTMMYAMPYIOIIYIO aKTMBHOCTD
AAsl TIOBBIIIEHMSI pPOCTa M BCXOXKECTM CeMsH IIIMIeHMIIBI M deueBUIbl 16 Hambolee aKTMBHBIX
DakTepuaabHBIX KyABTYP.

Buideaenue baxmepuii u3 pusocdepot nousv

Obpaszer; mousel BecoM 1 r nmepeHocuan B K010y co 100 Ma cTepnabHOI BOAOIIPOBOAHONM BOABL.
[ToaydyeHHas 1ouseHHasl CycIieH3)sl Oblaa pasBedeHa IO 1 MA B psde MPOOMPOK C 9 MA CTepUABHON
BOJOIIPOBOAHOI BOAOI. [loceB 1mouBeHHOI CyCIleH3U! Ha ILAOTHBIE CpeAbl IIPOBOAUAN U3 pa3BeeHUIn
1:10; 1:100; 1:1000 n 1.4. Ha moBepXxHOCTDL cpebl HaHOCKAM 1 M/ IIOYBEHHOI CyCIIeH3UM OIpeAeAeHHOIO
pasBedeHMsI M C IIOMOIIBIO INIIaTeAs] paclpeieAsar ee IIO BceMy arapy. J3acesHHble YalllKu
IlepeBopaunBall BBepX AHOM U MoMelrtaau B TepMoctar. Cpoku yyeta MUKpOOPTaHM3MOB 3aBIICeAN OT
coCTaBa NUTaTeABHOI CpeAbl U TaKCOHOMMYECKOIO cOCTaBa Yy4mMThIBaeMbIX opraHmamos. Ha MITA
YUUTHIBaAM Ha 2-3 CyTKM pOCTa CIIOpOBbIe 1 Hecrioposble ¢popMel Oakrepuii. Ha cpese Yamneka u l'aysze
Ha 5-7 CyTKM poOcCTa Yy4UTHIBaAM KOAOHUM TpUOOB 1 aKTMHOMMUIETOB, Ha Cabypo-arape — Ha 2-3 CyTKu
pocTa — KOAOHUM Apoxkent [16].
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Moermugurauus sviderentvix baxmepui

Maentndukanmio  BhlAeA€HHBIX OaKTepMaAbHBIX  YMCTBHIX  KyABTYp  HIPOBOAMAM  Macc-
CHIEKTPOMETPUIeCcKUM MeToA0oM Ha aHaansatope MALDI-TOF (Bruker) [17].

Kyavmyparvro-mopgorozuveckue xapakmepucmuxu daxmeputl

BrigeseHHble 1M30454TH OBIAM MAEHTU(UIIMPOBAHBl Ha OCHOBAaHUM MCCA€AOBaHMS (PU3MOAOTO-
MOP(OAOTMIECKUX U KyABTYpPaAbHBIX OCOOEHHOCTeI B COOTBETCTBUM C onpejeanTteaeM bepaxm [18].

Aas  uccaejoBaHmii  OblAM  MCIOAB30BaHBl  CAeAyIOIIMe INUTaTeAbHBIE CpeAbl:  MSICHON
nutareapHsbiit arap (MITA), Cabypo arap, Yamneka arap, cpeda a4s BblsiBaeHns Aakrodakrepuit (MPC),
Dmbn arap, [lcesgomoHaaHbI arap, cpeda A5 BelAeAeHNs aKTMHOMMUILeT [19].

Onpedereriue pocmcmumyAupyrouieti akmusHocmu 0axKmepuil

Pocrctumyanpyioiee aeiictsue OakTepuili B 1aDOpaTOPHBIX OIbITaX M3y4aAu IIO POCTOBBIM
IIOKa3aTeAsM UM BCXOXKeCTM CeMsH C MCIOAb30BaHIeM CyCIIeH3UI KMUBBIX KAeTOK MUKPOOPTaHM3MOB. B
KauecTBe MCIIBITYeMBIX CeMSH JCIIOAb30BaAM CeMeHa CeAbCKOXO3sIICTBeHHbIX PacTeH!il — IIIIeHNIIBl U
yeuepu1iel [20-21].

Aas onbITOB OBlAa MCIIOAB30BaHa KyAbTypaabHas Kuaxocts (KOK) msoasrtos. Kyasrypaabnas
>KIAKOCTB — 9TO pa3BejeHHas CyCIeH3Us MUKPOOHBIX KA€TOK OaKTepuii ¢ BOAoM. AAas 1MccAes0BaHNI
KX xaerox 6aKTepI/n71 pasBoAuAM CO CTE€PUALHON BOAOIIPOBOAHOM BOAOW B cCaeAylolen
koHneHTpaunu: 1:10, 1:50 n 1:100, rae x 1 Ma cycrieH3un BblAeA€HHBIX U30A4TOB 400aBAsAAn 10 MA BOABI
n 1.4. KoHTpoabHbIEe ceMeHa 3aMauMBaAl B CTepUABHON BOAOIIPOBOAHOM Bode. JAs Ka’K40ro BapuaHTa
orOupaan He MeHee 20 KpymnHbIX ceMsH. CeMeHa pacKaaablBaal Ha (PUABTPOBAABHON OyMare B JaIlTKax
[Terpu. OOpabOTKy IpPOBOAMAM METOAOM yBAaKHeHMs exxkeaHesHO 1mo 1 ma. Cemena mpoparmsaan
npu temreparype 25-26°C B Teuenme 10 aneir. Bamsnme cycrieHsum MUKpOOPraHM3MOB Ha POCT
pacTeHMII OLIeHMBAAM IIO BCXOXKeCTU CeMsH, AAVHEe U Macce pOCTKOB (MT). TOKCMYHBIMM CUMTAAMCH
Ky/ABbTYPbl, BEI3BIBAIOIIIVEe CHVKeHNe BCXOXKeCTI CeMSH MUAM YIHeTeHNe POcTa IIPOPOCTKOB M KOPHel He
MeHee 4eM Ha 30% I10 CpaBHEHUIO C KOHTpoaeM [22-23].

Vccaeayemble KyaAbTyphl OakTepuii BhIpaIliuBaAlM Ha >KMAKON mmTaTeapHoi cpeae MIIB, nHa
merikepe Innova 44-R (CIIA, 2008) mpu temneparype 35-37°C B Teuenue 1-2 cyTok.

PesyabTarel 1 00cyXaeHue

B pesyapraTe IpOBeAeHHBIX ucCCAeAOBaHUII U3 puszocdepbl Tpex 0OpasloB IIOYB I10J
Bo3geabiBaHyeM mineHnisl (c. Illyrickoe, c. Kospaenko, c¢. ToHkepuc) ObLAM BBIAEAEHBI B UUCTYIO
KyABTYpy 76 U304AATOB OaKTepuii, M3 KOTOPHIX B pe3yabTaTe CKPUMHMHIA Ha aHTUMUKPOOHYIO
aKTMBHOCThL OBLAO OTOOpaHO 16 M304ATOB OaKTepmii, OTANYAIOIMNXCS IO KYABTypPaAbHO-
MOp(OAOTMIECKNM IIPU3HAKaM: IIAOTHOCTY, TEKCType, OKpacke U CKOPOCTM HapacCTaHMsI KOJAOHMUII
(Tabamnta 1).

OxpammBanne no I'pamy moxasaao HaaAu4dyme IpaMIIOAOXKNUTEeABHBIX ITadodek (10 1304:1TOB) 1
rpaMOTpUITaTeAbHBIX ITa109eK (4 13045Ta), a TaK’Ke OaKTepuii KOKKOBUAHOM POPMHI (2 13044Ta).

Tabamniia 1
KyabTypaabHo-Mop¢doaormieckme cBOMCTBA M30A5TOB
Hamnmenosanue KyasrypaabHo-Mopdoaormyeckne MpusHaKu Oxkpacka 110
M30A45TOB I'pamy
K-1 Koaonnmn xopuunesoro 1sera, caab0 BBIIYKABIE, ITasoukny,
MaToBble, Kpasl POBHbIE, KOHCUCTEHIIN MSATKasl, AuaMeTp rpam -
0,5-1,5 MmM.
KB-1 Koaonnn Geaoro 1pera, BBIyKABIe, OaecTsinme, Kpasd Koxkxn,
pOBHbIe, KOHCHCTeHITA MaTKas1, AnameTp 0,5-1 MM. rpaM +
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K>oK-1 Koaonnu xearoro 1isera, 0aecTsine, BBITyKAble, Kpas ITaaouxnu,
posnble, gnametp 0,5-1 Mm. rpam +
1I-1 Koaonnn xopuunesoro npsera, OaAecTsIue, BBIITyKABIE, ITaaouxn,
Kpas pOBHBIE, KOHCUCTeHIM:A TArydas, guametp 0,5-1 mm. rpam -
Th-1 Koaonnmn ©Oeaoro 1Bera, IIA0CKMe, MaToOBBle, Kpas Koxkku,
posHble, AnaMetp 0,5-1 Mm. rpaMm +
ChK-4 Koaonnn xopuyHeBoro IieTa, BBIIIyKABle, OaecTsIue, ITaaouxny,
Kpasl poBHbBIe, KOHCUCTeHINs MsrKas, Anametrp 1-2 Mm. rpaMm +
K-2 Koaonnn xopuyHesoro I1iBeTa, BBIIIyKABle, OJecTsIIie, ITasoukny,
Kpasl pOBHbBle, KOHCMCTeHUM:A Msrka:d, aumamerp 0,5-1,5 rpam +
MM.
KB-2 Koaonnn 6eaoro 118eTa, BBIITyKABIe, OA€CTsIIe, Kpast ITasouky,
pOBHbBIe, KOHCHCTeHIMs MaarKas, Anamerp 0,5-1,5 mm. rpam +
11-2 Koaonnu 6ea0-po3oBoro 118eTa, BbIIIyKAble, OaecTsine, ITaaouxnu,
Kpas pOBHBIE, KOHCHCTeHIIMA Msrkas, Anametp 0,5-1,5 rpam +
MM.
1I5-2 Koaonnu moao4Horo 118eta, BbIIyKAble, OaecTsine, ITaaouxn,
Kpas pOBHBIE, KOHCHCTeHIMsA Msrkas, Anametp 0,5-1,5 rpam +
MM.
Thb-2 Koaonnu 6eaoro 11seTa, caabo BBIIIyKAble, DAecTsIIe, ITaaouxnu,
Kpas pOBHBIE, KOHCHCTeHIMA Msrkas, Anametp 0,5-1,5 rpam +
MM.
TK-2 KozoH11 cBeT10-KOpUYHeBOrIo 11BeTa, BBIITYKALIe, ITaaouxn,
OaecTs1ne, Kpasl pOBHBIE, KOHCUCTEHIIVIS MATKA, rpam +
auamertp 0,5-1,5 mM.
K-3 KozioH1n cBeT10-M0104HOTIO 11BeTa, BLIITyKAble, ITaaouxn,
OaecTsne, MeAKIe, Kpasl pOBHBIE, KOHCVICTEHITS rpam -
msirkas, guametp 0,5-1,5 mM.
11-3 KozioH1n cBeT10-M0104HOTIO 11BeTa, BLIITyKAble, ITaaouxn,
OaecTsne, MeAKNe, Kpasl pOBHbIE, KOHCVICTEHITS rpam -
msirkas, guamerp 0,5-1,5 mM.
T-3 Koaonnu 6eaoro 118eTa, BhIITyKAble, Kpasl IIepOXOBaThIe, ITaaouxn,
MaToBble, KOHCHCTeH TaArydas, Amamerp 0,5-1,5 mm. IpaMm +
AK-4 Koaonnn 6eaoro 118eTa, I110CK1e, MaTOBbIe, TYCKABIE, ITaaoukny,
Kpasl IllepoxoBaTtble, KOHcucTeHI s markas, 0,5-1,5 mm. IpaMm +
Maentudukanus 16 akTUBHBIX M30AATOB OakTepuil Obllda OCyIIlecTBA€Ha C IIOMOIIBIO MeToja

MALDI-Tof macc-criekrpoMerpun (Tabaniia 2).

PesyabTaThl nageHTU(UKAIINN KYABTYP

Tabamriia 2

No HaumMmenosanue Pesyabrarer I/I,ZI,EHTI/I(I)I/IKaLU/II/I
/i U304 TOB
1 1I-1 Delftia acidovorans
2 Th-1 Bacillus cereus
3 KB-2 Enterobacter cloacae
4 1I-2 Serratia marcescens
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5 Tb-2 Enterobacter ludwigii

6 K-1 Delftia_acidovorans

7 Kb-1 Pseudomonas gessardii

8 KOK-1 Stenotrophomonas maltophilia

9 K-2 Enterobacter ludwigii

10 HIB-2 Enterobacter cloacae

11 TK-2 Serratia marcescens

12 K-3 Enterobacter cloacae

13 1I-3 Enterobacter cobei

14 T-3 Enterobacter cloacae

15 ChK-4 Staphylococcus epidermidis

16 AK-4 Pseudomonas fluorescens
Takum oOpasoM, uccaegyemele n30AATH Obiam nAeHTHuuuposansl kak: II-1 - Delftia

acidovorans, Th-1 - Bacillus cereus, Kb-2 - Enterobacter cloacae, 111-2 - Serratia marcescens, Tb-2 - Enterobacter
ludwigii, K-1 - Delftia acidovorans, KBb-1 - Pseudomonas qessardii, KXX-1 - Stenotrophomonas maltophilia, K-2
- Enterobacter ludwiqii, IIIb-2 - Enterobacter cloacae, TK-2 - Serratia marcescens, K-3 - Enterobacter cloacae, 111-
3 - Enterobacter cobei, T-3 - Enterobacter cloacae, ChK-4 - Staphylococcus epidermidis, AK-4 - Pseudomonas
fluorescens.

CKpuHuHz WmMamMMO8 HA POCCTMUMYAUPYIOULYI0 AKTNUEHOCTL 1O OMHOUWEHUID K CeMeHAM NuleHULbl U
qeyeguiybl

Pocrctumyanpyiomas  akTMBHOCTb  SIBASIETCA OAHMM U3  BaKHEMINNMX KpuTepues oTOOpa
IIepCIIeKTUBHBIX IITaMMOB AAs CO3JaHMs Ha MX OCHOBe OMOIIperiapaToB KOMILAEKCHOIO AelicTsus. B
Aa0OpaTOPHBIX YCAOBUAX OBIAM IPOBeAEHbl JCCAeAOBaHU: IIO OlleHKe POCTCTUMYAUPYIOIei
AKTUBHOCTH IIITAMMOB, BbIA€/1€HHBIX 113 [TIOYBBI AKMOAMHCKON 00AaCTH.

BrisiBAeHBI pasdamyHble pe3yAbTaThl BAMSAHUSA KJAETOYHONM CyCIIeH3UI IITaMMOB Ha BCXOXKeCTb
CeMsH IIIIeHMIIBI ¥ 4YeueBubl (pucyHok 1 m 2). PesyabraTel 2abopaTOpHOTO OIIbITa IOKa3aAu, YTo
00paboTKa ceMsH IIIeHUIIBl KyAbTYpPaAbHOM KMAKOCTBIO KaXkKAoro us mrammos D.acidovorans 111-1,
St.maltophilia K>K-1, B.cereus Tb-1, E.cloacae Kb-2, E. ludwiqii Tb-2, E. cloacae IIIb-2 u E. cloacae T-3
OKaszasla BBICOKOE CTUMYAMPYIOIIee BANMSHME Ha WX BCXOXKecTb. OTMedyeHa BBICOKas AVHAMIKa
BCXOXKEeCTU JaHHBIX IIITAMMOB I10 CPaBHEHUIO C KOHTpoAeM (PUCYHOK 1).
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Pucynok 1. PesyabTaThl BCXOKeCTU ceMsTH ImeHNnITbl, oopadoTanabix KK 6akTepnaabHBIX KyAbTYP
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B pesyasraTe 00pabOTKM CeMsH 4edeBUITHI KyABTYPaAbHON >KMAKOCTBIO Ka’KAOTO M3 M30ASITOB
D.acidovorans III-1, P. fluorescens AK-4, P.qessardii Kb-1, St.maltophilia K>K-1, B.cereus Thb-1, Ent. cloacae
KbB-2, Ent. ludwigii Th-2, Ent. cloacae I1I5-2 u Ent. cloacae T-3 cTuMyAnpoBaach BCXOXKeCTh YeYeBUIIbI B
CpaBHeHI/II/I C KOHTpOAEM (pI/ICYHOK 2) OTMequa BBICOKAas AVTHaMIKa BCXO>KeCTU AaHHBIX IITaAMMOB I10
CpaBHEHUIO C KOHTPOAEM.

1O

il

BoxomecTs CEMAHN TereRImEL. %o
A
=

BB odecTh CepaH Teleninnkl 2o 0110 W EOXoecTh CeMAaH TeeRinibl, Yo 01:50 9 BOC0ecTh CEMAH e eninkL. Ye 11100

PucyHOK 2. Pe3yabTaThbl BCXOXECTV CeMSTH uedeBnIibl, 00OpaboTranHbix KK GakTepmaabHBIX KyabTYP

Ms Tabauipr 3 BUAHO, YTO 0OpabOTKa CeMsH IIeHMIIB KyAbTYPaAbHOM JKUAKOCTBIO OaKTepuii
E.ludwiqii K-2, E.cloacae K-3, P.qessardii Kb-1, S.marcescens TK-2 BBI3bIBada pOCTCTUMYASIIUIO y>Ke Ha
CaMBIX paHHMX CTaAVAX PasBUTHS pacTeHuil, HauMHas C IIpopacTaHms ceMsH. OgHaKO 3HAYMTeAbHBIN
9¢pdexr HabAIOAaAM TIPU BO3AENCTBUU KyABTYpaAbHON >Xuaxkoctu Oakrepmii  P.fluorescens AK-4,
St.epidermidis ChK-4, B.cereus Th-1, E.cloacae Kb-2, E.ludwigii Tb-2, E.cloacae IIb-2, E.cloacae T-3 Ha
ceMeHax IIIIeHMIIb, T.K. Bce u3ydaemble KoHneHTpauuu (1:10, 1:50, 1:100) MuxpoopraHn3mMoB umeAau
BBICOKIIE TIOKa3aTeAy AAVMHbBI POCTKOB IO CPaBHEHNUIO C KOHTPOAEM.

Tabamnria 3

Pe3y11bTaTbI BOSAeﬁCTBMﬂ KoK mrramMmMOB Ha POCTOBBIE ITOKa3aTeAy CeMsIH ITINIEeHNITbI

HanmenoBaHme 1mraMMoB Konnenrpanma KX mramma
1:10 1:50 1:100
AAVIHa POCTKOB, CM
Enterobacter ludwigqii K-2 10,1+0,82 11,2+1,60 11,9+0,66
Serratia marcescens 111-2 11,8+1,13 10,3+1,44 9,0+1,15
Delftia acidovorans 111-1 13,1+0,32 13,8+0,57 8,6+0,64
Delftia acidovorans K-1 7,2+1,58 9,3+1,25 9,9+0,61
Enterobacter cobei 111-3 9,7+0,83 10,0+1,18 8,7+0,82
Enterobacter cloacae K-3 11,1+1,35 11,4+1,28 11,5+0,67
Pseudomonas fluorescens AK-4 14,7+0,83 13,2+1,23 12,2+0,71
Staphylococcus epidermidis ChK-4 12,9+1,19 15,3+0,72 13,3+0,79
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Pseudomonas qessardii Kb-1 11,5+0,82 11,5+0,63 11,3+0,76
Stenotrophomonas maltophilia KOK-1 10,2+0,76 9,2+0,50 9,5+0,48
Bacillus cereus Th-1 12,4+1,46 14,2+0,43 14,2+0,80
Enterobacter cloacae KB-2 13,2+0,67 13,2+0,60 13,8+0,37
Enterobacter ludwigii Tb-2 13,8+0,46 13,8+0,52 13,4+0,44
Serratia marcescens TK-2 11,5+0,94 10,5+0,63 11,1+0,61
Enterobacter cloacae 1115-2 13,0+0,63 13,0+0,65 14,2+0,74
Enterobacter cloacae T-3 14,2+0,49 14,0+1,09 11,6+0,60
Korimpoav 10,1+0,50 10,1+0,50 10,1+0,50

ObpaboTka ceMsH yedeBUIILI MUKPOOHOI cycrieHamelnt mrammoB B.cereus Th-1, E.cloacae KbB-2,
E.ludwigii Tb-2, S.marcescens TK-2, E.cloacae I1I5-2, E.cloacae T-3 B nccaeayempix KoHueHTpanmsax (1:10;
1:50; 1:100) oxaspiBaaa BBICOKOE POCTCTMMYAUpPYIOIIee ACNCTBME B CpaBHEHMUM C KOHTPOAeM IIpu
IpopalyBaHNy ceMsH. B pesyabpTare ompiTa IpoMcxoauao yseandeHue AAMHBI POCTKOB YedeBUIIbI, a
VMIMEeHHO, AAVHBI POCTKa pacTeHus (Tabaniia 4).

TabGawniia 4
PesyabTatsl Bo3aericTsust KJK mraMMoB Ha pocTOBBIe ITOKa3aTeAN CEMSTH JYedeBUITbI
Hawnmenosanme rmraMMoB Konnentpams KX mramma
1:10 1:50 1:100
AAVHA POCTKOB, CM
Enterobacter ludwiqii K-2 2,8+0,34 2,8+0,38 3,5+0,28
Serratia marcescens I11-2 3,5+0,32 2,9+0,18 3,5+0,26
Delftia acidovorans I111-1 2,9+0,27 3,1+0,18 3,4+0,20
Delftia acidovorans K-1 3,6+0,16 2,5+0,25 3,5+0,25
Enterobacter cobei 11I-3 3,6+0,20 2,9+0,15 2,8+0,35
Enterobacter cloacae K-3 2,6+0,21 3,1+0,15 4,2+0,30
Pseudomonas fluorescens AK-4 2,9+0,20 3,2+0,23 3,3+0,16
Staphylococcus epidermidis ChK-4 3,5+0,20 2,6+0,28 2,1+0,15
Pseudomonas qessardii Kb-1 3,7+0,29 4,0+0,39 3,5+0,30
Stenotrophomonas maltophilia K2K-1 3,6+0,26 3,2+0,25 3,8+0,19
Bacillus cereus Th-1 4,3+0,28 4,5+0,26 4,3+0,30
Enterobacter cloacae KB-2 4,5+0,32 4,4+0,30 3,9+0,21
Enterobacter ludwigii TH-2 4,8+0,22 5,1+0,28 4,5+0,26
Serratia marcescens TK-2 3,9+0,40 3,7+0,25 3,5+0,36
Enterobacter cloacae 1115-2 4,5+0,26 4,2+0,35 5,1+0,45
Enterobacter cloacae T-3 4,2+0,25 3,9+0,31 4,4+0,32
Konmpoao 3,4+0,31 3,4+0,31 3,4+0,31
3akalodueHmne

AHaan3 1OAy4YeHHBIX AaHHBIX IIOKa3ad, 4To 3 16 mccaelyeMbIx OaKTepuraAbHBIX KYyABTYyp OBLAM
oToOpaHbl 7 Hamboaee aKTMBHBIX ITaMMoB — D.acidovorans III-1, St.maltophilia K2K-1, B.cereus Thb-1,
E.cloacae  Kb-2, E.ludwiqii Tb-2, E. cloacae IIb-2, E.cloacae T-3, yBeAMYMBAIOLIUX BCXOXKECTh
CeABbCKOXO3VICTBeHHBIX PacTeHMI (IIIIIeHNITB], YeUeBUIIbI).

YcTaHoBAEHO, YTO KyAbTypaabHasl XUAKOCTh MCCA@AYeMBIX IITaMMOB B Pa3HOM KOHLIEHTpaIluu
(1:10, 1:50, 1:100) oxasbIBaeT KaK CTMMYAUPYIOIINIA, TaK 1 MHTMOMPYIOMnit 9p¢PeKT Ha pOCTOBLIE
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IIOKazaTeAy ceMsH. AHaAmM3 POCTOBBIX IIOKa3aTeleil CeMsSH IIIIeHMIIBI II0Ka3ad, 4TO IITaMMBI
P.fluorescens AK-4, St.epidermidis ChK-4, B.cereus Th-1, E. cloacae Kb-2, E.ludwigii Th-2, E.cloacae I1I5-2,
E.cloacae T-3 oka3spIBalOT BHICOKOE pOCTCTUMYyAMpYIoIiee JeiicTsue. OaHako OakTepuaAbHas CyCIeH3Ms
mrammoB  D.acidovorans  K-1 m E.cobei 1II-3 He mnoKasala POCTCTUMYAUPYIOIIYIO aKTUBHOCTb B
OTHOIIIEH! M CeMSIH IIIeHNIIbI HI B OAHON KOHIIEHTPaIUIL.

ObpaboTka ceMsH yedeBHUIIbI CycrieHaueit Oakrepuit S.marcescens I11-2, D.acidovorans K-1, E.cobei
HI-3, D.acidovorans III-1, E.ludwigii K-2 yseanmunsada AauHy pocTka B KoHIeHTpaumsax 1:10 m 1:100.
HItammsr E.cloacae K-3, S.epidermidis ChK-4, St.maltophilia K2XK-1 yayumiaam pocToBble ITOKazaTeAu
CceMsH B OJHOI KOHIIEHTpalluM, TOTJa KaK B APYIoil KOHIIeHTpallMM CHVDKaAM ITOKa3aTeAu PpocCTa,
KOTOpBIe ObLAY HIKe, YeM B KOHTpoOJe.

Takum o0OpasoM, Hpu CKpUMHUHIE Ha POCTCTUMYAUPYIOIIYIO aKTUBHOCTh OBLAM BBIABAEHBI
HanboJee aKTUBHbIE MMKPOOPIaHM3MBI, IIOBBLIIIAIONIME POCTOBBIE IIOKa3aTeAu M YBeAUdMBaIOIIVe
BCXOXKeCTh CeMsIH pacTeHmit. B mocaeayrorieM gaHHBIe IITaMMBI OaKTepuii peKOMEHAYIOTCS B KayecTBe
OCHOBBI 4451 pa3pabOTKM OmompenapaTos MAM KOHCOPIIMYMOB, ITOBBIIIAIOIINX BCXOXKECTb CeMsAH U
CTUMYAMPYIOIIUX POCT Pa3ANMYHBIX CEAbCKOXO35/ICTBEHHBIX pacTeHMI.

®dunancuposanne. Padora BbIIIOAHEHa B paMKaX IIPOrpaMMBI 11e1eBoro (pMHAHCUPOBaHNUS Ha
2021-2022 rr. «CoszaHme U IIOIIOAHEHMEe KOAAEKIIMM ITPOMBIILAEHHO-IIEHHBIX MIKPOOPTaHI3MOB,
U3yJeHIe VI COXpaHeHe UX OM0A0IMIecKoro pa3sHooOpasus AAsl Hy>K4, OMOTeXHOAOTUM, MeAVIIVHBI 1
CeAbCKOI'O XO35VICTBa».
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I''H. bucenosa, b.)K. Cagpikosa, b.K. Mycabaesa, K.b. TekeOaesa,
3.C. Capmypsuna, A.JK. TemupxaHos
KP BIM 'K «Muxpoopzatriusmdepdin, pecnyoruxarvix koarexyuscvr» HIDKK PMK, Acmana, Kasaxcman

AXMO2Aa 00ABICBIHBIH TOIIBIPAaFrbIHAaH 0©AiHTeH MIKPOOPTaHN3MAEPAiH O6Cy-bIHTAAAHABIPY
OeaceHgiairin Oaraaay

AHgartma. brioA0rMsAABIK  eTiHIMIAIKTIH HepCcleKTUBAaAbl  OarblThl  I1aligaabl TOIBIPAK IIEH
pusocdepasblK MUKpOQPAOPaHBIH d4eyeTiH IaiijadaHy OO0ABII TaOblaaAbl, OHBIH iITiHAe TaOuu
MUKPOOPTaHU3MAep a30TTHI OekiTeTiH >kaHe ¢docdaT MOOMAMBAUNAAANUTEIH MaHBI3ABI OPBIH aAaAbl
Tompipak MuUKpoopraHuU3MAepi HeridiHAe >KacaaraH OMOAOIMAABIK OHiIMAep ayblAIllapyalllbLAbIK
eciMAikTepiH ocipy TeXHOAOTMACBIHBIH TaCiAJepiH e3repTyre MYMKIiHAIK Oepeai. ATam aiiTKaHAa,
011010TMAABIK OHIMACPAIH d4€yeTTi eHAipyIliAepiHiH ITaMAapbIH TaHAay Ke3iHAe 0AapAblH ©CIMAIKTIH
ecyiHe >XoHe gaMybIHa OH acep eTy KabileTi MaHBI3ABI acrieKT OOABII TaObL1agbl, OAapAbl MUHEpPaAAbI
TaMaKIIeH KaMTaMachl3 eTeli, 9pTypAi Kyliseaicrepre OeifiMmaeael, TOBIPaKTHI CapKbLAYAAH KOPFaliAbL,
TaOMEM KYHapABLABIFBIH KaAIlbIHa KeATipeai >KoHe ©CIMAIK KaybIMAACTBIKTApPBIHBIH OMOAOTUSABIK
9pTYPAiAiriH KoaAamAbl.

3epTreyaiy MakcaTel OmAan >KoHe >KacbIMBIK CUSKTBI JaKblAJapfa KaTBICTBI >KOFaphl ©cCy
OeaceHaiairi ©Oap TIlepcreKTMBAaABl MMKPOOpPTaHM3MAepAi TaHaay ©0044bl. bacTamksl CKpUHUHT
HOTIIKeCiHAe TOIBIpaK OaKTepuUsAapbIHBIH 76 M30AATH 0e4iHAi, 0AapAblH 16-CbI MUKpOOKa Kapchl
allKbIH KacueTTepiH KepceTeTiH HerypAbIM OeaceHAl m3oasATTap peTiHge ipikreaai. OgaH  KeitiH
MIKPOOPraHU3MACPAIH TYKbIMAAPBIHBIH OHIIIITITiHIE >KOFaphl Ad9pe’KeCciH KOpPCeTKeH 7 IITaMMBI
ipikreaai (D.acidovorans II-1, St.maltophilia K2K-1, B.cereus Th-1, E.cloacae Kb-2, E.ludwiqii Th-

2, E. cloacae L1IB-2, E.cloacae T-3).

P.fluorescens AK-4, St.epidermidis ChK-4, B.cereus Th-1, E. cloacae Kb-2, E.ludwigii Tb-2, E.cloacae
HIBb-2, E. cloacae T-3 mTaMMAapBIHBIH 9PKAlIChI-CBIHBIH OaKTepIIIABIK CYCIEeH3VSICHI OMAaliABIH ecy
KOPCeTKIIlITepiHe  >KOFapbl ~ ©CIMAI  BIHTaAaHABIPYIIBI ~ o9CeP  eTeTiHi  aHbIKTaaAbl. JKachIMBIK
TyYKBIMBIH B.cereus Th-1, E.cloacae Kb-2, E. ludwigii Tb-2, S.marcescens TK-2, E.cloacae II5-2, E.cloacae T-3
IITaMAAPBIHBIH OPKANCBICHIHBIH KYABTYpPaAbIK CYVBIKTHIFBIMEH ©OHJeTeH Ke3de OapAbIK 3epTTeATeH
KOHIIeHTpauusiapAa oCy KOPCeTKIITepi apTThL.

Hoertmxecinge, >xorapel ecy OeaceHgiziri Oap >koHe ©CIMAIK TYKBIMAAQPBIHBIH OHTIIIITITiH
apTTHIpaTBIH €H OeACeHAl MUKpOOpraHmsMAep aHbIKTaaabl. Ocplaaiilia, TaHAAAFaH II€pPCIIEeKTUBTI
OakTepuslapAblH INTaMAapbl TYKBIMHBIH OHIIIITITiH  apTTBIPATBIH JK9HE  aybLAMIAPYallIbLABIK,
eciMJiKTepiHiH ©cCyiH BIHTaJaHABIPATHIH OMOJAOTMAABIK ©HiMAepai AaMBITy VIIIH Heri3 peTiHAe
YCBIHBLAAABI.

TyiiH ce3aep: Ouaait, >KacbIMBIK, ©Cy OeACeHAiAiTi, OHTIIITir, TYKBIMHBIH ©HYi, CKPYHIHI.

G.N. Bissenova, B.Zh. Sadykova, B.K. Mussabayeva, Zh.B. Tekebaeva,
Z.S. Sarmurzina, A.Zh. Temirkhanov
Republican collection of microorganisms, Astana, Kazakhstan

Evaluation of growth-stimulating activity of microorganisms isolated from the soil of Akmola
region

Abstract. A promising direction of biological agriculture is the use of the potential of useful soil
and rhizospheric microflora, among which nitrogen-fixing and phosphate-mobilizing natural
microorganisms occupy a significant place. Biologics created based on soil microorganisms make it
possible to change approaches in the technology of growing agricultural plants. When selecting strains
of potential producers of biological products, an important aspect is the ability to have a positive effect
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on the growth and development of plants, providing them with mineral nutrition, adaptation to various
stresses, protect soils from depletion, restore their natural fertility and maintain the biological diversity
of plant communities.

The aim of the study was to select promising microorganisms with high growth-stimulating
activity against crops such as wheat and lentils. As a result of the primary screening, 76 isolates of soil
bacteria were isolated, 16 of which were selected as the most active isolates exhibiting pronounced
antimicrobial properties. Further, 7 strains of microorganisms were selected from them
(D.acidovorans I1-1, St.maltophilia K>K-1, B.cereus Tb-1, E.cloacae Kb-2, E.ludwiqii Th-2, E. cloacae I1I5-

2, E.cloacae T-3), which showed a high degree of germination of plant seeds.

It was found that the bacterial suspension of each of the strains P.fluorescens AK-4, St.epidermidis
ChK-4, B.cereus Tb-1, E.cloacae Kb-2, E.ludwigii Tb-2, E.cloacae I115-2, E.cloacae T-3 has a high growth-
stimulating effect on the growth performance of wheat. When treating lentil seeds with a culture liquid
of each of the strains B.cereus Th-1, E.cloacae Kb-2, E. ludwigii Tb-2, S.marcescens TK-2, E.cloacae I1I5-2,
E.cloacae T-3 growth rates increased in all studied concentrations.

As a result, the article identifies the most active microorganisms with high growth-stimulating
activity and increasing the germination of plant seeds. Thus, the selected promising bacterial strains are
recommended as a basis for the development of biological products that increase seed germination and
stimulate the growth of agricultural plants.

Keywords: wheat, lentils, growth-stimulating activity, germination, seed germination, screening.
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«HakTbI yakpIT» peXXyMiHaeri moanMepasabl Ti30eKTi peaknys aaiciMeH TaMak,
eHiIMJepiHiH Typaik paabcrpUKanMsIChIH aHbIKTay OOVBIHIIIA XaTTaMa 33ipaey

Anpaatna. Em enimdepinin, darvcudurayusicor 0ykia aremde manpt3dor npodremaza aitHaryoa,
oMot iwinde calikec KeAMeumin mandaray, molilblM CAALIHZAH KOCHAAAP HeMece KYpamblia
Kipemin — kuimbam  Kocnarapdvl  ApsaH  KOMHOHeHmmepmeH arvacmuipy.  Mynoail
MAHUNYASUUAAAPOVIH, CANDAPYL MYMUIHYULLL 0EHCAYADIZDIHA IPIMYPAL Kayinmi 00AYbl MYMKIH,
MUICAAV, MAMAK  AAAePIUACHl, YAaHy. Maxarada wuxi XoHe MepMUSAbIK oHOeAzeH em
oHIMIepitde HAKMDL YaKLIm pexuminde noAuMepasdvl misdexmi peaxtus adicimeH mayolkmolt
Mumoxondpusrvrk zewomoinvity (Gallus  gallus) AHK-cotn  canaivl anvikmayea apnarean
Xammama Kacarobl.

3epmmey adicmepi. Maxara mayvix, KypKemayvix, XulAKol, KOil, WOUIKA XIHe CUbLP emiHeH em
nen em OHIMOepiHiH KOCMAAAPLIH AHLIKMAY Yulin Xypeisiadi. Parvcudurxayusnvl sepmmey
yuiin emmir, 9 mypinen xare ecimOikmir exi mypinen arvinzan 11 yazi daiivindardvi. PrepMan
Ultra AHK oxwayray sxuvinmoievinvit; (Thermo Fisher, AKILI) xomezimert 1 900 1e/mkA xate
140 ne/mxa aparvizoinda xozapuvl xoruernmpavuscol 6ap AHK arvindvl. Apnaiivt npaiivepaep
Mert payopecuermmi  sondmapovt manday GenBank-men arvinean Gallus gallus zeninir
pemminizin  menecmipy Hezisinde Kypeiziadi. bapawx  misoexmep Primer Designer 3.0
0a20apAAMANLIK  KACAKMAMACHINGIY, — Kemezimer  myparanzarn — kane  ThermoFisher-oe
curmesdenzeH.

Hamuxeaep. 3epmmey 6apvicvinda HaKmol yaxvim pexumitde norumepasdol misbexmi peaxijus
adicimMer mamax OHIMOepIiHiH, MYPAIK Parvcudukayusicuin anvikmay O00UIHUA XAMmMAama
asipaendi. TITP xammamacvinoy, apHativiAbiaviebin  anvikmay  ywin  AHK  yazirepinin
KOAACKUUACOIHA CHIHAADIN XKaHe ce3simMmardvikmor anvikmay yuiitt apmypai AHK masmynvl 6ap
ITITP «xoioviAdo. Tayorkmory AHK-cot AHK mampuyacornda 0,01-10% aparvizoinoa aiikoii
0aiKardvL.

Kopoimoirdvl. 3epmmeyrep kepcemierideil, asipAenzer Xammama HAKMLL Yakbim pexumirde
noAumepasdvr misbexmi peaxyus adicimen mayorkmorry AHK-coint  anvikmayodviy  xoeapul
CesIMMAn Xame HAKMbL dkcnpecc adici boAvin madviaadvl, OYA orapovl xanyaprapdvit JHK-coir
anvikmay QUazHOCMUKACLIHOA KOAOAHY2a MYMKIHOIK Oepedi.

Tyiin cesaep: AHK, em enimdepi, IITP, naxmu yaxvimwundaeor I1TP, AHK-nor oxuiayaay,
parvcudurayus, cesimmardors.

DOI: 10.32523/2616-7034-2022-140-3-60-75

Kipicne

Er eHimgepiniy Typaik  ¢asbcuukanmacel  epekile  OpbIH  adaAbl  KoHe  KuMi
JaapcudukanmLiaHaTHH OHIMAEP caHaThIHa Kipeai[1]. byran a1eMHiH TypAai eadepiHae eT eHIMAepiHiH
TYpAik paabcuduKaIs KarjaidapblH aHBIKTay HOTV KeAiAiTiHiH JKOFaphl yAec caaMarbl 4a4e1 00ABII
Tabbraaasl [2, 3]. Meicaara, 2020 >xprapr OHTYCTIK AdprKka cynepmapKeTTepiHie TYTHIHYIIBLAapFa KO
KxeTimMai Ooaran 44 jaHa JaliblH €T ©HIMJepiH Tekcepy HoTIDKeciHAe, 27%-BI KypaMbIHAA
MaaiMJeAMereH XKaHyapaAapAblH eTTepi Oap exeni anbikTaaral [4]. Congaii-ak, 2020 >xbranl Jdepiy skone
Dackazap KYprisTeH 3epTTeyde OHIMHIH eayip OeairiHge MoaaiMaeareH eT JKOK eKeHAIrl aHBIKTaAAbl
(kaTThI MMKi MIY>KBIKTAp YyIIiH 55% HeMece 11/20, BerunHa yiin 33% Hemece 1/3) [5]. Conbimen kaTap
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2020 xwprapl I'penuaga taram KypambeiHga I'MO-HBI yaeciH 3epTTey KkesiHge, caThlabiMJda OoAfaH eT
eHiMAepiHge Oearizenberen I'MO yaeci 72 eHimge TaOblaAbL SIFHM yariaepain 52% - BI AypEIC
TaHOa/aHOaraH >kKoHe 23 KOMITaHMSHBIH TeK 7-1 IbIFapFaH eHiMaepre AypbIc TagOaaay KyprisreH[6].

ETTi TaybIK eTi HeMece yiipeK eTi CMAKTEI ap3aH OHIMAEPMeH aAMacThIPY 3aHChI3 JKoHe HeFYPAbIM
JKOFaphbl Kap>KblABIK Ialija aay YlIiH NaligadaHblaaabl. Bya skaaran agicrep agaa GacekeaecTikke acep
€Tyl MYMKIiH >XoHe HapBIKTarbl TYTBIHYIIBLAaPAbIH MYAJeAepiH eckepMeyi MyMKiH [7, 8]. ET enimaepin
Oypmaaayra IIIeKTeylep eHri3eTiH HOPMAaTUBTIK akTiaep KaOblagaHAbl. Ocbl 3aHHaAMaAbIK epesxeaepai
icKe acpIpy YIIiH OHAIpYyIIIidep HemMece AUCTPUOBIOTOpAap MaAiMAereH eT TypAepiHiH TYIIHYCKaABIFbIH
TaaAayAbIH CeHiMAl agicTepine cypaHbichl apThinl Keaedi. COHABIKTaH HapBIKTBLIK TXKipuOeHi Kagaraaay
YILIiH KyC eTiH (TayblK, YJpeK) COlIKeCTeHAIpYAiH apHalblABIABIK, Ce3iMTaa >KoHe TuiMai aici erte
MaHBI3ABl. AAasSKTBIKTH aHbIKTay yIIiH OHTycTik Kopesga momka eti (Sus scrofa), Taysik eti (Gallus
gallus) >xoHe cupip eti (Bos taurus) cusakTer opTypAi et yariaepinen mtDNA (Mutoxonapusiask JHK)
KeMeTiMeH 3epTTey Xyprisiaai. Hatmkecinge, 0.1%- ra >XybIK MadiMJAeaMereH >KaHyapaAap TypAepiH
aHBIKTaAWI [9].

Et enimgepinig ¢aspcuduxanmsacsiH coTTi aHbIkTay yimiH kaxerri AHK-Hb ipikTey >xone
OKIIayAay odicTepiH MYKMAT KapacTelpy KaxkeT. Kasipri yaxpitra opTypai (depmeHTTEp MeH
pearentrepai Kocy apkbiabl AHK-HBI OkIllayaayablH KelTereH TypAai adicrepi, coHgait-ax JHK-HbI
OKIIlayJayFa apHaAfaH apHalibl AaiibIH JKUBIHTBIKTAap Oap. bya KeseH eH MaHBI3Abl, COHABIKTaH KOAAILABI
HYCKaHBI TaHAAY eH OipiHIIIi >koHe eH MaHbI3ABI MiHAET OOABIII TaObL1AABL.

AHK-HBI eT HeH eT eHiMJepiHeH oKllayJay Ke3iHge ©HIMHIH KypaMbl, MaiAblH MeAllepi,
TaAIBIKTEIH TYpi, TinTi AHK-HBIH Kail MylllejeH aAbIHFaHBI >KoHe OacKaJapbl CHUSKTBI KOITTereH
Kegepriaep Oap. JKanyapaapablH apTypAi TiHAepiHeH, ykKcac Oacrankbl MeallepMmeH aAbiHFaH JHK
MeAlllepiHJeri aibIpMaIlIblAbIKTapAbl VIBoOu >xene Oackaaap 2015 >xwlabpl anbpikTaraH [10]. bya
alibIpMalllbIABIKTap 9PTYpAi TiHAepAeri aKybI3AblH e3repyiHe OallaaHBICTHI 00Aybl MyMKiH. CoHAali-aK
eT eHIM/JepiH eHAipyIIidepAiH pelenTi MaHBI3AB pea aTkapaabl, cebebi oa AHK-HBI oKIayaayAbiH
Kyp4eaiaik genreiiine acep eryi MyMKiH. COHbIMEH KaTap MaliAbl TiHAEPAiH KOl MOAIIepi >KoHe OHbI
aAbIIl TacTayAblH Kypaeaiairi okmayaanrad JHK-HBIH COHFBI KOHIIEHTPaALMSACH MeH Ta3aAbIFbIHA acep
€Tyl MyMKiH.

Congaii-ak, OaablK IeH Oaablk eHiMAepinen AHK oxkmayaay kesinge ykcac mpoOaemaaap
6arkaaapl. AHK-HBI OKIlayaay ogictepiniH Tmuimgiairine opTypai 0aablK Typaepi apachIHAAFbI
OyAIIBIKeT TiHAEpiHiH KypaMBIHAAFbl ailbIpMaIlIbIABIK ocep eTyi MyMmkiH. 2011 >xwranr Kortops,
Crertaman >xoHe Butrxyn OHrycTik Adpuxaneiy 29 ceyaeai 6aawvikrappina AHK aayapiH oprypai
dJicTepiHe caABICTRIpMaAbl 3epTTey Kypridai. bya seprrey SureFood® PREP agicinin AHK-HbIH eaayip
>KOFapbl KOHIIEHTPpaIMsChl MEeH Ta3aAbIFbIH alyAarbl TUiIMALAITI aHBIKTaAAbl. Aaaiiga, 29 yariHiH Tek 15-
inae oxmayaanrad JAHK TasaabIFbIHBIH KOAalAB AMaria3oHbl 004461 [11].

Kasipri yakpiTTa eT eHiMAepiHiH Typaik OypMadaHybIH aHBIKTayAbIH €H 3aMaHayy, >KOFapbl
ce3iMTaA >KoHe apHaNbLABI DKCIIPecc dici HaKTBI yaKbIT peXMMiHAeri IToAuMepas3Abl Ti30eKTi peakIjus
aaici Ooapim Tabblaagwl. bya egic — IITP Tecr-kylieaepiH >keHe apHaitbl >KaOAbIKTBI — ITTP
KYLIEMTKIIITepiH 3epTTeyre apHaAraH XXUBIHTBIKTapAbl KOAAAHYAbl KAMTUABL.

Kasakcranga HeriziHeH ©ciMAIK TeKTeC I'eHeTHKAaAbIK TypaeHAipiareH oObekridepai CONGEN
(I'epmanns), GENIAL (T'epmannms), GENERON (Mraams) cusaxkTel IIeTeaAik ©HAIpyIIidepaiH eT
eHiIMAepiH Typaik ¢paabcuuKalnsAchH aHbIKTayFa apHaaraH [TTP Tecr-xyiteaepi ycoiHblAraH. OcblFaH
OallaaHBICTBI Kasipri yaKbITTa a3bIK-TYAiK KayiIlcizairi mpoOaemMasapblH >KepridikTi sepTrey >KoHe
AVIaTHOCTMKaABIK TecT-XKylieaepAai a3ipaey OeaceHAl XKypriziayae.

bya seprreyain mMakcaThl HaKThl YaKbIT peKMMiHAeri IoAMMepasAbl Ti30eKTi peakIus aiciMeH
TaMak eHiMJepiHiH Typaik ¢paabcrprKalMsAChH aHbIKTay YIIIiH TecT-XKYylieHi a3ipaey 0014bl.
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3epTTey MaTepuaaaaphbl MeH dJicTepi

3eprrey oObekriaepi Kaszaxkcran Pecrybamkacel bisiM >koHe FBIABIM MUHUCTPAIri Ferasim
KoMUTeTiHiH "Mukpoopranusmaepaiy pecnydamnkaaplk kxoasekumscel' IIDKK PMK  6asaceinga
93ipAeHIeH HaKThl YaKbIT pe>KMMiHAeTi MyAbTUILAEKCTi IT0AMMepas3Abl Ti30eKTi peakiys 9AiciMeH TaMak
eHiMJepiHiH Typaik ¢paabcrpUKamACKH aHBIKTay JKOHiHAeri XaTTaMa 00A4bI.

Xatrama IITP cpiHakTaH ©TKi3y >KoHe OHTallAaHALIPY OOMBIHIIIA DKCIIEPUMEHTTep KYPrisdy yIIiH
>XaHyapAapAblH 9 TYpiHiH (CHBIp €Ti, JKBIAKBI €Ti, TaybIK €Ti, KypKeTayblK, YIpeK, IIOIIKa eTi, KOsIH,
DaAbIK YBLAABIPBIFBI, KOV €Ti) >KoHe eCiMAIKTepAiH eKi TypiHeH (Kyrepi >koHe cos) okiayaanraH JHK
yAariaepi Oakplaay yariaepi 60aapl. ATaaraH eT, cosl JKoHe KyTepi yariaepi OipHelle gaHaJall cayJa
KYPri3eTiH AYKeHAEPAEH CaThIII aAbIHADL.

ET xoHe eT oHiMgepiHe aablHFaH CbIHaMaJapAbl TacbiMaajay, caKTay >KoHe TaaJjayra
AambIHAAY

Kympic MEMCT 31719-2012 coiikec opsiHgaaabl. ChlHaMaaapabl ipikTey TaMak ©HiIMAEpiHiH
OipTekTi TONTaphl YIIiH ChIHaMaJapAbl ipikrey TopTiOiH OeAriaeilTiH MeMAEKeTTIK CTaHJapTTap
6ortpiama xyprisiaai - MEMCT 7631, MEMCT 9792, MEMCT 10852, MEMCT 12430, MEMCT 13341,
MEMCT 26312.1, MEMCT 26313, MEMCT 27668.

IITP saiciMeH >kaHyapAapAaH aAbIHaTBIH TaMak, ©HIMAepiH 3epTTey YIIiH CbIHaMaJlapAbl ipikrey
alikacItaapl KOHTaMuHaIus (Oip yAriHiH exiHIiciMeH AacTaHybl) O0AMaNTBIHAAMN eTiM Xyprisiaeai. Oa
VIIiH ChlHaMajAapAabl ipiKTeyai KOAFaIIIleH >KYPprideai, aa MaTepmaaabl ipiKTey >KoHe ycaKTay YILiH
KOAJaHBLAAThIH KypaaJapabl Oip peT maiigadaHalbl HemMece Kyy KypaadapbIMeH eHJeiiai >koHe Oip
ChlHaMaJaH eKiHIIICiHe aybICKaH Ke3JAe CIMPTOBKa HeMece ra3d OTTBIFBIHBIH JKaAbIHBIHAA CT€PUAbACIIAL
CeplHaMasapAbl  ipiKTey Tasza INBIHBI, ILAaCTMKaAbBIK bIABICKA HeMmece Oip peT KOAJ4aHBLAATBIH
I1aCTUKAABIK ITaKeTTepAe XKypriseai.

CrpiHamazapAbl  TackiMaaday oOJapabl CaKTay YIIIH YCBIHBIAFaH TemIlepaTypada >Ky3ere
aceIpplaaabl. TacbiMaagay y3akTBIFBI 3epTTeAeTiH MaTepuaaablH >KapaMABLIABIK, Mep3iMiHeH acraybl
THic. 3epTTeaeTiH MaTepuaA/blH ChlHaMaJlapblH OHAIPYII KOpCceTKeH IIapTrapra colikec 1 ait OOIibI
(xaiiTa Taagay KakeT OOAFaH >KarAaliAa) caKkTaAbl.

Yariaep 6ovisiaia MEMCT 31719-2012 aarieiHaaaAbL. THIFBI3 KOHCUCTEHIMSABI MaTepualjapAbl
(DaokTapaarel €T, MeXxaHMKaAbIK KaliTa Kakray eTi, ¢apmr OylibIMAaphl, KOHCepBidep MeH
KOHCepBiJAeHIeH a3bIKTap, ITY>KBIK XoHe T.0.) 3epTTey Ke3iHJAe 3epTTeyre KeAill TyCKeH yATigeH (TYThIHY
KallTaMacbhlHaH) KeMiHge 3 acra (9pKalChIChl 5I) aAblHaAbl >KoHe OJeHAep apKbLAbl YycCaKTalaAbl.
Ycakraaran marepnaa eamiemi 20x30 cM Oip peTTik TepMeTMKaABIK KaOblaraH 50 MAa-aik mpoOupKaja
cakTalALbI.

Comamaaapaan AHK-1b1 okmayaay

Yariaepai aaliblHAaFaHHaH KelliH KoAJaHy >KOHiHAeri Hyckayablkka calikec Applied Biosystems
PrepMan Ultra (TermoFisher, AKII) >xubiHpH naitgaaana oteipein, AHK 6eain misirapbraast [6].

AaapiMeH, 2 Ma MUKpoueHTpudyrara apHaaraH OypaHAaabl KakIarbkl Oap mpoOupKara Hemece
OypaHAaabl KakIarel Oap Dacka Koaaiiabel mpoOupKara ap yari 20 mr eameneai. 400 mka, keaemi 50 ma
KOHYCTHIK, ITpoOMpKara HeMece Dacka cTepuabai mpooupkara Prepman Ultra pearentriy tnicti Mearmepi
ealleHeAi. 1 Ma TaMIIyBIpAbl KoadaHa oTeIpei, 9p 20 Mr yarire PrepManTM Ultra 400 Mxa peareHT
acenTHKaABIK >Kardalida Kocblaadbl. MuxpornenTpudyraaslk mpodupkasapasr 100 © C 10 muHyTKa
OpHaTbLAFaH KbIAy 0A0TbIHA caAblHaabl. KeiliH Kblay KOHABIPFBICHIHAH YATidepi Oap rmpobupKasapabt
aAblHaAbl >KoHe OeaMe TeMmIlepaTypachiHa AJeliH 2 MUHYT caaKbIHAaTbidagbl. IIpobupkasapabt
muHyThiHa 12000 arfiHaabIMFa 2 MMHYT OOIibl IleHTpudyrasaiael. 50 MKA cymnepHaTaHT OypaaraH
npoOupKalapaaH eKiHII HpoOupKadap >KUBIHTBIFBIHA aybICThIpBLAaAbl. TaagayablH op peaxIjusChl
YIIiH 5 MKA cynlepHaTaHT KOAJaHblAa/bl.
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beainin aapiaran AHK-HBIH KOHITEHTpalMsIChl MEH Ta3aAbIFBIH aHBIKTAY

Oxkmayaanran AHK xonnenrpanuscet NanoDrop 2000 cnekrpodoromerpin (TermoFisher,
AKII) mangasaHy Hyckayadapbl MeH OafgapAaMadblK >KacaKTaMmara calikeC (POTOMETPUAABIK Typae
6araaanaer. AHK Ttazaasrrsr OD 280/260 sxone OD 260/230 MaHAepiH eal11ey apKbLABI aHBIKTaAAbL.

Yarini aay yIIiH TYTKaHBI KeTepill, YATiHi TeMeHIl ealley TiperiHe TamiblaaHagpl. Keaemi 1-2
MKA 004aTBIH VATl eAlley TYFBIpbIHA TaMIIybIPMeH OpHaJacThlpbldaabl. TyTKaHBI TOMeHAETil,
KOMIIBIOTepJeri OargapAaMadblK >KacaKTaMaHBIH KOMeriMeH CIeKTpAiK ealrey OacradaAbl. YAriaep
OaraHBI aBTOMATTHI TypAe >KOFapFhl KoHe TOMEHII TipeKTep apachlHAA TapThHIABII, ©AIIeY XKYpridiaeai.
Oalley asdKTadraHHaH KelliH CblHaMa aAy YIIiH TYTKaHbl KeTepill, YATiHI >KOFap¥bl >KoHe TOMEHIi
TipeKTepAeH KYprak, 3epTxaHalblK MaTaMeH cyprideai. KapanaiibiM cypry KonueHTpanusacel 1000
eceJeH acTaM ©3TepeTiH yAridep YIIIiH KelliHIi eAllleylepae YATiHi TackbiMaaJayFa K01 OepMeriAi.

DaexTpodopes daicimen 6eainren JHK aHbIKTay

Araposapr reap saexkrpodopesi-AHK Ppparmentrepin 6eayaiH, aHBIKTayAblH >KoHe Ta3apTyAbIH
CTaHAAPTTH d4ici. bpomasl sTmamsaMen, srHu QAyOpeceHTTI MHTepKaAspABIK OOsSyMeH, TeMeH
KOHIIeHTpausiga reapderi AHK-HBI OHBIH A10KaAM3allNsICHIH aHbIKTayFa 60aaas! [12].

DaexrpodopeszdeH KYMBIC OacTaAraHFa AeliiH apHaiibpl Oydep aaliblHAay >KoHE arapo3Abl relb
AalibIHAQy CHUAKTBI AAQMBIHABIK >KyMbIcTapbl Kyprisiaai. 10xTBE Oygep 1XTBE >xympic Oydepin
AalibIHAAY VIIiH Ta3apThLAFaH CyMeH CYMBLATBLAABI, 04 TeAbAl AallbIHAAYAa JKoHe 91eKTpOo(pOpeTUKaAbIK
KaMepaHbI TOATBLIPY YIIiH KoA4aHbLAAbl. CogaH KelliH arapo3abl reabai danbiHaay yiin 49,25 ma 1xXTBE
oydep >xone 0,75 r araposa Koa4anbLaasl. CoHAall-aK, reapre 4 MKA STUAUN OpoMUAl KOCBLAABL. ET mien
et eHimMaepinen Oeainren AHK xonnenrpanmsicet (200-aen 4000 HIT-ra aeriin) yImiH arapo3asl TeAbAiH
YCBIHBIAATBIH KOHIIEHTPanusAChH, sFHN 1,5% KoAaaHABL.

Aapmran AHK men xoagany Oydepi 1:1 karbiHachiHAa (spkaiiceicel 10 mMka) Tasa 1,5 ma
poOupKada apalacTBIPBLAABIL, ad MapKep 5 MKA KealeMiHge aablHABL IIpoOmpkasapaaH >KyMbIcKa
reAberi op Tecikke 8 MK yATi Koa4aHbLAAbL DaekTpodopes mporieci 80V kepHeye 30 MUHYT OTKi3ia4i.

XKorappl cnenudukaablk HOpaiiMepaepAi TaHjayfa >XKapaMAbl TeHeTHKaablK MapKepai
TaHAay

XKorapnr crienmdukaarlk, koHe cesimraa ITTP Tect Xyiteaepi reHeTMKaaAblK MapKep (HbICaHa)
MUTOXOHAPWVSABIK I'eH CUAKTHI OipHellle Kellipmeaepi 6ap ren 004faH Ke3Je KacaAybl MYMKiH eKeHAiri
Oeariai. bya seprreyje reHetmkaanlk Mapkep pertinge TayelKThiH JAHK-upI (Gallus gallus) anbikray
YIIIiH MUTOXOHAPWAABIK IJUTOXPOMHBIH B aiiMarbr TaHAQAABI.

KoncepsarupTi yyackeaepre Tikeaell >KeHe Kepi HpaiiMepaepdi (OAUTOHyKAeOTHATEp) >KoHe
dayopectientTi 30HATapAbl Tanaay NCBI (GenBank) maaimerrep GasachiHan aapmfan PCR Primer
Design/DNASTAR 6afraapaaMaablk >KacaKTaMachlH KOAJ4aHa OTHIPBII, MUTOXOHAPVIABIK, IIUTOXpOM B
TeHiHiH peTTiAiriH TeHecTipy JAepekrepi HeriziHge >Kyprisiagi. MakcaTTel eMec Ti3OeKkTi TasapTy
epekieairi PrimerBlast NCBI nHTepHeT-pecypchiH I1aiialaHy apKbLABI XKYy3ere achbIpbliabl.

[Ipaiimepaep MeH (pAyOpecleHTTI 30HATapABl TaHAay  TuiMaiairin  Oaraaay  ITTP
XaTTaMaAapblHBIH Ce3iMTaAABIFBl MEH apHalBLABLABIFBIH Oaralay apKblabl HaKThl yaKbIT peKuMiHje
IITP xoro xe3iHge, TecTidey >KoHe OHTallAaHABIPY Ke3eHJAepiHge Xyprisiaai. Tuimaiaik exi kpurepuit
OolibIHIIIA aHBIKTAaAABI — IIeKTi geHreliAiH MaHi (Ct) >koHe ¢payopecrienus curdaasl (Rn).

IITP xaTTamMacCbIHbIH IaPTTapbIH OHTANAAHABIPY

Maxkaaaga Ttaynix AHK-cbl koHe TeHeTMKaAbIK TYpAeHAipiAreH OObeKTidepAiH MapKepaepiH
anpIKTayfa apHaaraH ITTP Tecr >xyiieaepiH >Kacay OOJBIHINIA aAbIHFaH ToXKipMOeHi eckepe OTBIPHIIL,
npaiiMepaep MeH (ayopecleHTTi 30HATap Oip ¢opmarra Tangaaabl. Erep Oaxblaay yariaepinge
makcartel AHK-upIH 0,1% Meamepinge amnanmdukanms OailKadaThlH 0oaca, Oya pyKcaT eTiareH
SKYMBIC KOHLIEHTPaIACH OOABIN CaHaAaAbl.
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TecTtizey >koHe OHTallAaHABIPY Ke3eHiHAe ce3iMTaAAbIK IeH apHallblABLABIKTEI Oarajay AepeKkrepi
Heri3iHAe XaTTaMaHbIH THMiMAiairi OarasaHapl. Tecrisey ymiiH TaHagaAFaH HapamMeTpaep KOAAaHBLAABI
(peareHTTepaiH KOHIIEHTpPAIMICH], TazapTy TeMmIlepaTypachkl >kKoHe T.0.), OHTalldaHABIPY KediHae Oya
rapaMeTpaep Ty3eTiaai.

[Ipaiimepaepai Kyiigipy Temmeparypachl OargapAaMaablK >KacaKTaMaHBl KOAJaHa OTBIPBII
aAbIHFaH MoJiMeTTep HerisiHAe >xkoHe ZNA Tunri ceHgiprimri (Metabion, I'epmanmns) margaaany
Ke3iHAe KyNAipy TeMIlepaTypachIHbIH ©3TepyiH ecKepe OTBHIPBII TaHAaaabl. llpaliMepaepai Kyiuiaipy
TeMIlepaTypachiH TaHAay 59-aan 61 °C-ka aeriin xyprisiagi (1 xecre).

Kecte 1
Kyiiaipy TemniepaTypacels Tagaay
[TpaitmMep/30HATHIH Kyiaipyain Kyiaipy Kynaipy Kynaipy
araysl €CeIrTiK TeMIlepaTypachl | TeMmIlepaTypachl | TeMIepaTypachl
TeMIlepaTypachl Nel (°C) No2 (°C) No3 (°C)
(°C)
JCHF1 63 60 59 61
JCHR1 62,1 60 59 61
JCHP1 55,3 60 59 61

CesimMTraaapikThl Oarasay ymin AHK cyiiblaTy bl aaiibiHaay

CesiMTaaABIK ITOAMMeEpa3Abl Ti30eKTi peakIUAHBI HakKThl yakpT pexxuminge AHK Gaxpraay
yAriciHig Oeariai KOHIJeHTpanmschl Oap CYMBIATY cepusChIMeH Oaraday KesiHJAe OarasaHAbl. XaTTama
ITTP cesimTaaabIFein Oarasay yIniH Oakplaay yaricinig AHK-HBI Oec per cyiibiaty gaiibigaaast 10%,
1%, 0,1%, 0,01, 0,001%. Taysikrerg AHK-co1 cost AHK-HEI ecipai. Tecriaey yItiH opKaiiCbICBIHBIH 3 COHFBI
CYMBIATBIAFaH ePTIHAICIH YII peT KaiiTala KoAAaHblAABL. 20 MKA peakius KocraceiHa 10 MKa keaemiHge
AHK xocblaran kesde peakuus kedemi 30 Mxa 6oaapl. Tyrikreri cyibiateiarad AHK-HBIH >kaaribt
koHneHTpanuscel 100 Hr Kypaapl. Marpunaceis ITTP kocnacer Tepic 6akplaay yAri peTiHae KbI3MeT eTTi
(2 xecre). IITP kesinge 1muka kesiHge OardapaamMa op IMKA YIIH peropTep IIbIFapbIHABLAAPBIH
ecenteai. Hakror yakpitrarer ITTP >Kyiteci xem KOMIIOHEHTTI aATrOpUTMALI KOAJaHa OTBHIPHIIL, P
KOMIIOHEHTTiH OOSFBIII CIIeKTpiHe yAeciH aHBIKTall adaThIH OafdapAaMaablK >KacaKTaMaMeH Oipre
keaeai. RN mowni ITTP kyrmeiiTy KesiHge o9p IIUKA YIIiH peropTep >KacaraH KaABIITH (PAyOpecIieHTTiK
CUTHaAABIH MeamepiH Giagipeai. Kymreiity rpaduri mrekri kecinm ererin HykTte Ct (mmexri senreir)
petinge anpIKTadaapl. CoTTi  aMIAMPUKAIMAHBIH ~KOJallAbl Iapamerpaepi  ¢ayopecrieHIs
curHaabiHblH (RFU) OapsiHina yaraiobiMeH InekTi AeHrerigiy (Ct) eH a3 bIKTMMaa MoaHJepi KesiHae
Hricana AHK-Hp1H Tomen kypamsr (0,1-0,01%) 6ap ammandukarniyis.
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Kecte 2

bip IITP peakimsicbia aMIIAM(PUKAIMSIHBI TeXKeyAi imKki OakbL1ayAbl KOca aafaHAa,

KaHyapAbiH Oip Typinin AHK-cein anbikTay 6onbmama IITP xxyprisyre apHaaran KOcraHbl

AambIHAAQY XaTTaMachl

KaxerTi keaem,

No ATaysl MK
1 Haxkro! yakwIT pesxxnminge myastunaekcri ITTP xyprisyre apHaaran 9,6
Muxkc (qQPCR Multiple Master x2)
2 ITTP noanmepasa 0,4
3 Oawnronykaeorng, forward (10 pM) 0,8
4 Oauronykaeotug reverse (10 uM) 0,8
5 TagMan ¢ayopectientri 3017 (10 uM) 0,6
6 Imki 6akblaay >KMBIHTBIFBI (OAUTOHYKAEOTUATEP MeH 30HATapAbIH 04
KOCITachl)
7 Fluorescein Reference Dye (10 uM) 0,2
8 Human genomic DNA (10 xr/mka) 2
9 PCR-grade water 5,12
10 UNG 0,08
Kocrianeig keaemi 20
3eprreaerin AHK (10 ur/mKa) 10
Kubrast 30

Haxrer yakwiT pexxnmingeri ITTP CFX96 (Bio-Rad, I'epmanus) amman@ukaTopblH IaiijalaHa

OTBIPBIII OPBIHAAAABI (3 KecTe).

Kecte 3

XKanyapapig AHK-coia anbikTay ymnis ITTP xXyprisy Ke3iHae KymIenTy pexmmi

IITP xe3enaepi Temneparypa | YakbiTel | Ecellke aay apHaaapbl ITuxa canbl
>KoHe Ppaoopodopaap
UNG akTuBarimscel 50 °C 2 MUH - 1
JeHaTypalnsiHbI OacTay >KoHe 95°C 2 MuH - 1
IoAMMepa3Abl aKTUBaAIIMCDI
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Aenatypanms 95 °C 15 cex -

40
Kyiiaipy 60 °C 60 cex FAM/HEX

Ces3iMTaaABIK IIeH apHANbIABIABIKTEI Oarasay ymiH AHK cyiiblaTybin aavibiHAQY

Epekmreairi moamMepasapl Ti30eKTi peaKUMsSHBI HaKTBl yaKbIT peXHUMiHAe TaHJaAfaH
npaiiMepaep MeH (PAyopecleHTTi 30HATapMeH >KoHe >KaHyapaap MeH eciMaikrepain AHK-upig 11
Oakplaay yariaepimen Oipikripren kesge anbikTaaasl. AHK Gakblaay yariaepiniy koHneHTpamuscer 10
HI/MKA-Te JeifiH >KeTkiziaai >xeHe IITP sxyprisy xesinge AHK-HBIH >XYMBIC KOHIIEHTPAIVSICBIH
OHTallAaHABIPY >KoHe aHBIKTay, COHJail-aK HpaiiMepAep4iH apHalibl eMec KyiAipidyiH aHBIKTay YIIiH
nangaaanpiaael. 20 Mxa peakiys kocrackiHa 10 mxa keaeminge AHK Kocblaran ke3ge peakiys KeaeMi
30 mka 6oaapr. Hakrer yakwir pesxxumingeri ITTP CFX96 (Bio-Rad, I'epmanms) ammnandgukaTopbiH
IalijalaHa OTBIPBII OPBIHAAAABL.

Kymrerityai Texxeyai imki 6akblaay peTiHae Y3BIHABIFBI 295 H.OK. XKYII adaMHBIH reHOMABIK AHK
Oera-aktuH reniniy ¢parmenti 6ap qPCR Control Kit >XUBIHTBIFBI, COHJANI-aK OHBI KYIIENTYy YIiH
IpaiiMepaep MeH 30H/ KOCIIachl KOAAAaHBIAABL.

3epTTey HaTILKeAepi

baxplaay yariaepin aanbiHaay. AHK-HbI oKmayaay kXoHe KOHIIEHTpaIysi MeH Ta3aAbIKThI
oaliey

DKcnepuMeHTTep >KYPridy YIIiH >KaHyapAapablH 9 Typi (CHMBIp eTi, >XBIAKBI €Ti, TayblK eTi,
KYypKeTayblK, YIpeK, IIOIIKa eTi, KOsH, 0aAbIK YBLAABIPBIFBI, KON €Ti) )KoHe eciMAiKTepAiH eKi TypiHeH
(>’kyTepi >koHe COs1) aAbIHFaH 9PKalCBICHIHBIH caaMarbl 50 rpamMM 0oaaTsiH 11 Herisri yAri AalibIHAAAABL
3eprrey xyprisy ymiin 11 nerisri cpiHamagaH, 44 Oaxplaay AHK yarici 6eainai. Aapnran JAHK
KOHIIEHTPalMsIChl MeH Ta3aAbIFBIHBIH MoHI MaTpuIlaHbBIH TypiHe OallaaHBICTHI ©3repAi. Muicaab,
IIIOpTaH YBIAABIPBIFbIHAH OKIayAanfaH AHK konnentpanysicer 1 900 Hr/MKA-4eH acabl, aa €T TiHiHeH
OKIIlayJaHFfaH yiipek 140 Hr/MKa-AeH acadbl. bakplaay yariaepi peTiHge maiijadaHaThIH OKIIlayJaHFaH
AHK  KoHneHTpaumscel OONMbIHIIAa €H TMiIMALI Marepuaad >KaHyapaAap OaybIpbIHBIH, IIIOpTaH
YBLAABIPBIFBIHBIH JKoHe COsl YHBIHBIH yAriaepi 00445l (4 KecTe).

Kecte 4
Bakplaay yaricinen 6eainren /AHK KOHIeHTparmsChbl )K9He Ta3aAbIFbI
No Y aribig Martpuriansig Konnenrpanms OD OD 260/230
Yari |ater TYpi AVIATIO30HBI 280/260 opralia
(Hr/™MKA) opralia MOHI
MOHI

1 baarix YBLAABIPBIK 1 900-aeu 1,9 1,6
AHK (mopran) >KOFaphl

2 Ipi-kapa Maaasig byambiker 550-aen 14 0,8
AHK TiHI >KOFaphl

3 Koit AHK bayrip 670- Ten 1,55 0,9
JKOFapBbI
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4 Yiipex byamiker 140-tan 2 1,6
JAHK TiHi >KOFaphbl

5 TaybIx byameiker 740-taH 3 0,6
AHK TiHi SKOFapsl

6 Kypxkeraysik AHK byamiker 580-HeH 2,6 0,6
TiHi >KOFaphbl

7 Kp1akp1 byamiker 480-aeH 1,2 0,9
AHK TiHi >KOFapsl

8 Kosm AHK bBayrip 1 000-naH 1,5 0,9
>KOFaphbl

9 Cupip AHK baynip 1700-aen 1,3 0,8
SKOFapbl

10 Cosa AHK Yu 640-Ttan 1,6 0,6
>KOFaphl

11 Kyrepi AHK Tyxpim 470-teH 2 1,4
SKOFapbl

AHK okirayaay mporedypachHbIH THiMAiairia ansikray ymiiH AHK xonnentpammsicer, A260 /
280 cinipy ko»¢Ppunmenti 6arasanasl. AHK ¢pparmenTanmsce 1-cyperre KepceTiareH.

1 2 3 4 5 6 7 8 9 10 11 M

bp

—1500
—1000

— 500

— 100

Cyper 1. ET yariaepinen aaviaran AHK-HbIH 1,5% arapo3asl reabgeri aaekrpodopes KepiHici

M - Mapkep, 1 - KPC, 2 - Taysix, 3 - Kosiz, 4 - Kypkeraysx, 5 - JKbLaxksl, 6 - Yiipek, 7 - baabik, 8 -
Kori, 9 - XKyrepi, 10 - Cos, 11 - Cusip.

AHK 06axplaay yAriaepiHiH aablHFaH KOHIIEHTpalMsACHl MEeH Ta3aAbIFbl O4aH 9pi DKCIIepUMeHTTep
KYprisy VIIH >KafdalidapAbl KaHaraTTaHAblpAbl. PrepMan Ultra AHK okmrayaay >KMBIHTBIFBI
(TermoFisher, AKIH) AHK-HbI >KOfaphl KOHIIeHTpallMsija >KoHe KbICKa Mep3imMae OKIIayJlayFa
MYMKiHAIK Oepai. Aapiaran /AHK TasaabIFpl >KeTKiAiKTi, ©MTKeHi 3epTTey Ke3iHAe 04 CYMBLATBHIABIII,
HOTIKeCiHAe KOAaliabl MaHAepre KeTedi. bya sxunax AHK-HbI Oacka MaTpuilasapMeH apadacraiThIH
Oip KOMITOHEHTTi yAridepAeH OKlIlayAay YIIiH XKapaMABL.
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Korapsl crienudukaablK IpariMepaepail TaHJaayfa >KapaMabl IeHeTHMKaablK MapKepai
TaHaay. [IpariMmepaep MmeH ¢ayopecuieHTTi 30HATapAbI TaHAAY
Korapsl cnerudukaablK IpaiiMepaepAi TaHAay YIIiH MapKep (HbICaHa) peTiHAe ce3iMTaAAbIK
IIeH apHaMBIABIABIKKA KATBICTHI €H TUiMAlI MUTOXOHAPWSAABIK T€H, aTall aliTKaHAa eTTi aHBIKTay YIIiH
MuToxoHApuAAbK AHK mimroxpomeineiy B animarer Tangaaaer. XKyprisiaren seprreyaep HaTyKeciHAe
IIMTOXPOM b MUTOXOHAPUAABIK TeHiHiH Oipi3AiairiH TeHecTipy AepekTepiH Taajay HeriziHae >koHe PCR
Primer Design/DNASTAR 6arsgapaaMasblK >KacakTamachiH >koHe PrimerBlast NCBI wunTepner
PecypchIH MaiijadaHy apKbLAbI KOHCEPBATUBTI yJacKeaepre mparimMepaep MeH (PpAyOpecleHTTi 30HATap
TaHAaaAbl (5-kecTe).
Kecte 5

DKcIepuMeHTTep XYPri3y ylIiH ipikTeareH npaviMepaep MeH ¢payopecieHTTi
30HATapABIH peTTiairi

HricanaHbg aTtays Oauronykaeotnarep >kKoHe Tis0eri
¢ ayopecrieHTTi 30HATAp

Taysix etinig AHK- | Tikeaern nparimep JCHF1 TCT---CTommmmmmmememeed C

“ Kepi npaimep JCHR1 G—TA-—-- GG G
3onHg JCHP1 HEX-CA---------- TA-----A- ZNA-4-BHQ-2
3ong JCHP2 ROX-CA---------- TA-----A- ZNA-4-BHQ-2

Anpobanmsi  KeHe OHTallaaHABIPY KeseHJAepiHge XarrtamanblH IITP  cesiMTaaapiFbl  MeH
apHalbLABIABIFBIH OaradayAbl >Ky3ere achlpy KesiHge IpaiiMepaep MeH (PpAyOpecleHTTi 30HATapAbl
ipikrey TuimMaiairine 6arasay Kyprisiaji.

IITP xaTTamMacChbIHbIH IapPTTapbIH OHTAMAAHABIPY

Haxkrpl yakbIT pexxumingeri myaptunaekcti ITTP xarramacblH Tekcepy MeH OHTaliAaHAbIPYABIH
Herisri MakcarrapbeiHbiH Oipi - IITP-aiH >Kaafrbl3 >Kyliedepi VINIH caAbICTBIpMaAbl KeAeTiH, Tyrea
MakcarTel TisbexTep yiin [1TP-aiH >kxorapbl TMiMAiAiTiH apTTBIPY.

Atan aittkangaa, erep aAynaekcri I1TP-ae >xaarbis MakcarTel Ti3OeKTiH apThIK Mealepi 6oaca,
OHJa MeAlllepi KiImi Ti3OeKTi KyIIenTy ITpollecci, OacekeaecTik acepiHeH OacChIABII KaAybl MYMKiH.
bapapix MakcaTTapabl KyILIeNTy OHTallAbl >KafgalidapblH KaMTaMachbl3 eTy VIIOiH KeIlTereH
IapaMmeTpaepai eckepy KaskeT, MBICaAbl, IIOAUMepa3a KOHIIEHTPaIIVIChl, HYKA€OTUATEep SKoHe Oydepaik
KYPaM, COHBIH illliHAe MarHuil Ty3bIHBIH KOHIIeHTpanusAchl. Ka3ipri yakbITTa HAKTHI YaKbIT peXXUMiHAETi
myapTunaexcri ITTP xyprisy ymiin Mactep-Mukcrepi 6ap KOMMePIUAABIK KMBIHTBIKTapABIH KeOipeK
YCBIHBIAYBIHA ~ OallAaHBICTBI ~ 94iCTeMEHi  OHTAMAAaHABIPY  MAacCTeP-MUKC  SKUBIHTBIKTaPBIHBIH
VHIPUAVIEHTTEPiHiH IITOFBIpAaHYbIH OHTal1aHABIPYFa OafbITTaAMaFaH.

Erep Okxpraay yariaepinge makcattel AHK-wb1H 0,1% meamepinge amnandukarnys 6aiKalaTbH
b6oaca oHAa, Oya pyKcaT eTiAreH, >KYMBIC KOHIIEHTpaLVsACHL OOABINI caHasdagwl. Tecrizey >xoHe
OHTAllAaHABIPY Ke3eHiHAe ce3iMTaAABIK IIeH apHAMBLABLABIKTBL Oaraszay JAepekTepi Herizinae
XaTTaMaHbIH TuiMaiairi Oaraaanapl. Tecrizey yIIiH TaHgaAFaH IapameTpAep KOAAaHbBLAABI
(peareHTTepaiH KOHIIEHTPAlMICH], Ta3apTy TeMmIlepaTypachkl >KoHe T.0.), OHTalldaHABIPY Ke3diHge Oya
rapamMeTpaep Ty3eTiaai.

Xarramanely [ITP cpiHarsl, Koclla UMHIpeAMEHTTepiHIH KypaMbl MeH KOAAAHBLAAThIH
KOHLIeHTPaUMsACBIHBIH TaHJaAFaH IapaMeTpAepiHe coliKec XKyprisiaai. IlpaliMepaep MeH 30HATapAbI
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KYJAipy TeMIlepaTypacblH TaHAay OOJBIHIINIA KYPTIi3iAreH 3epTTeyaep HOTUKeCiHAe OHTalAbl KYIAipy
Temieparypacsl Ct I11eKTi AeHrelliHiH eH TOMeHI1 MaHAepi koHe (PAyOpeCIIeHITVHbIH YKOFaphl CUTHAABI
(RFU) Garikaaran 60°C temmeparypa ekeHAiri aHbIKTaaabl. ITTP xaTramachIHBIH IIeKTi AeHTeliHiH
opTarta MaHi 24,2-aeH 25,6-Fa AeiiiH e3repai, aa ¢payopeciieHus curHaabHeIg geHrerii ITTP xatramacs
yurin 102 601451 (6 Kecte).

Kecte 6

IIparimepaep MeH ¢payopeceHTTi 30HATapABI KYVAipy TeMIlepaTypachkl Ke3iHAe ipikTey
THiMaiairigig HoTMIKe2epi 60 °C

Hpicana Oauronykaeoruarep >kKoHe IITexTi aeHremnaiy PayopecrieHIIA
JayopecrieHTTi 30HATAp oprania MaHi (Ct) | curHaABIHBIH OpTallla MaHi
(RFU)
OBY (on Oakplaay | Tikeaer nparimep JCHF1 24,2 102
yari) ‘
Taysix eti AHK-cb Kepi npartmep JCHR1
3onza JCHP1

Meicaa pertinge 2 cyperre TayblK eTiHiH AHK-HBI aHbIKTay XaTTamMachl YIIiH IIpaliMepaep MeH
(payopecrieHTTi 30HATH Ta3apTy TeMIIepaTypachlH TaHAAy HOTIKeAepi KepceTiAreH.

Amplification
10° T — — . : —_—

* AR &3

Kpacutenb HEX - ﬂ,HK KypwvLbl

RFU

1¢C :
50C

S S /////// —
[ . — 7

0 10 20 30 40
Cycles

141

Log Scale

Cypert 2. Kyiiaipy TemnepaTypacbiHa TaybIKTBIH MUTOXOHAPAAbIK AHK reaombrsabig 6eariai 6ip
Oeairin KynenTy HaTIDKeaepi
59, 60, 610c (n-9) mpariMepaep MeH (pAyOpeCIIeHTTi 30HATap

3epTTeyJe YCHIHBLAFaH HaKTH yakbIT pesxkuminge ITTP >xyprisyre apnaaran xarrama Oi3re TaybIK
erinig AHK-colH oTe KeH ayKbIMJa aHBIKTayfa MYMKiHAIK Oepai. AHK-mpH kymernty cos AHK
marpuriacsiHaa 0,01-10% apaabrFbiHAQ aliKbIH OaifKaAAbL.

Connimen, IITP gynaexcri xaTTama yIIniH TaybK IeH KypkeTayslkK, eTiHig AHK-HbI anbIkTay yImia
0,1% 60aas1 (3 cyper).
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Amplification
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3000 :
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14
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Cyper 3. Taynik etinig JHK anbIkTay OotibiHma xaTTaMaceHLIH IITP cesiMTaaabIFbIH Oaraaay
HTILKeAepi (n=9)

IMexti ce3iMTaAABIKTBIH aAblHFAaH HoTIDKeaepi Tecr-KyiteaepAid IITP  TyTHIHYIIBICHIHBIH
MoaiMJereH TaJallTapbIHa JKayar OepeAi.

4-cyperre xanyapaap MeH eocimgikrepaiy AHK-ubig 11 0Gakplaay yAariciMeH IoAmMepasabl
Ti30eKTi peaKIMAHBI HAKTHI YaKbIT peXXMMiHe KOIO Ke3iHge xartaMaHbiH [1TP apHaiiblablAbIFbIH Oarasay
Aepekrepi keartipiaren. AHK Oakplaay yariaepinig sepTreareH KOHIleHTpaluschl ITpodoupkaga 100 Hr
Kypaapl. Taysik etinin AHK-HBI aHpIKTay XaTTamachiH Oarasay kesinge AHK-nbIH Oeariai Gip Geairin
KyIIenTy Tek KypaMbiHAa Tayblk AHK 6ap Oakblaay yariaepinge 6aiikaaapl

DKCIepuMeHTTep KYpridy KesiHae Oaxpraay yariaepining AHK 6eaimaepin crienmdukaabk emec
KYIIENTY TaObLAFaH KOK.

Amplification
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Cypert 4. Tayrix etinig AHK ambikTay 607ibmHIIA XaTTaMaHbIH IITP apHaiibiabiabIFeiH Oaraaay
HaTIXKeaepi (n=33)

AMnandukanusaHel TexXeyain imki Oakblaaysl petTiHge (BKIIA) yspiHABIFBI 295 H.OK. SKYII
azamHbIH reHoMABIK, /AHK Gera-aktuH reninig ¢pparmenri 6ap qPCR Control Kit >kMbIHTBIFEI, COHAA-AK,
OHBI aMIIAMpUKanMslay YIIiH IpaliMepaep MeH 30HATHIH KOCIIaChIH I1aiidalaHAbL.
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ITTP xarramasapriHa apHaaraH skcnepuMenrtrepde 1 ITIP peakumsaceina 2 Mka xeaeminge 10
HI/MKA ajaMHbIH reHOMABK /AHK KoHIleHTpanmscel >koHe IIpaiiMepaep MeH 30HATapAblH 0,4 MKa
KOCIAacChl KOAAaHbBLAABL.

[TaiigasaHbLAFaH IIOFBIPAAHyAap >KaAlbl KaOBLAJaHFaH —eAllleMJepre ColiKeC KeAAi-iImKi
Oakblaayabiy CT 1miekri geHrertiHiH MaHi 23-TeH 26-Fa AelfiHri AMana3oHaa 001451 (5-cyper).

Amplification
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Cyper 5. Cannanbl 6araaay HoTHKeaepi
IITP aynaekcTi xaTTaMacbiHJa NajijalaHbIAFaH aMIIAMPUKAIMSIHDI TeXXKeyAiH imKi 6aKkblaaybl

Hakrer yakwiT pesxumingeri IITP >xyprisy ymria 10 Hr/MKa >KYMBIC KOHIIEHTPALVSICBIH, OH
Oakplaay yaricia (OBY) naiiaaaanaser (6 cyper).

Amplification
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Cyper 6. Taynix eTinig AHK-HBI KO0 Ke3iHge KymeiTy HaTVKeaepi gynaekcri IITP. OBY
KOHITeHTpanusicel 10 Hr/MKka 602451
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KophIThIHABI

ET eHnimgaepiniy Typaik ¢aabcudpuxaimsaceiH anbikray ymiH ITTP Tecr-KyiieaepiH oTaHABIK
HapBIKTBIH JKblA CalBIHFBI Ka’KeTTiAiriHe calikeC HAKThl YaKbIT pPeXXMMiHJAeri HoaMMepasabl Ti3OeKTi
peakuys a4iciMeH >koHe aMIIAM(UKALIVAHBI TeXKeyAi imki 6aKplaayAbl KaMTUTBIH TaybIKTHH JHK-HbI
anpikTay OorpiHia ITTP xarramacelH aHBIKTaabl >kKoHe icke aceipapl. ITTP xaTramasapbiHBIH >KOFapbl
aHAaAUTUKAABIK Ce3iMTaAABIFBI MEH apHalbLABLABIFEI O0AapAbl TaybIKTeIH AHK-HEI aHBIKTaAY YIIiH XeJea
AUarHoCcTMKaja KoAdaHyra MyMKiHAiK Oepeai.

Hakrer yakwir pexxumingeri ITTP oagiciven Tamak eHiMaepiHiH Typaik daabcruKarmsaceH
aHpIKTay OOJNBIHIIA XaTTaMa OHTalAaHAMPBIAABL. Oa yIIIH >KaHyapAapAblH MUTOXOHAPUSABIK,
cytochrome B reHi Herisri reHeTnkaabK Mapkep peTiHAe TaHAaaAbl [Ipaiimepaep MeH (payopecieHTTi
30HATap TaHAaaAbl. Hakrel yaxpir pexuminge IITP saiciMen Tamak eHiMAepiHiH Typaik
dasbcuPUKanUACKIH  aHBIKTay  OONMBIHINA  Ce3IMTAaAABIKTBI,  APHANBIABIABIFBIH,  AYPBICTHIFBIH,
TYPaKTBLABIFBIH JKOHE XaTTaMalapblH Oaraday >KYMBICH Kypriziagi. AHK-HBH K0A1eKIUAABIK
yArizepiHge, coHAali-aK TaMaK ©HiMAepiHiH yAariaepiHae HaKThl yakbIT pesxuminge ITTP agicimen Tamax
eHIMAepiHiH TypAiK (PpaabcnUKaIMCHH aHBIKTay OOMBIHIIIA 93ipA€HTeH XaTTaMa alpodarsiAaHABbL.

IITP xaTramachl apHalibIABIABIKTEL aHbIKTay yiniH AHK yarizepinig koa4eKUysCbIHA ChIHAABIIL
>KoHe Ce3iMTaAABIKTHI aHbIKTay yIiiH apTypai AHK Masmynsr 6ap I1TP xoiibraasl, aMIanguKaysHbL
TeXXeyai imki OakplaayAblH OHTallABl KOHIIEHTPAIUACHI TaHAAAABI, Ce3IMTAaAABIKTBIH OHTALABI
KOHILIEHTpaLMsChl TaHAAAABL.

Kapxblaauapipy. bya seprreyai Kasakcran PecrybamkaceiabslH — biaiM  SKoHe  FBLABIM
MMHUCTpAiriHig FerapiM komuteti Kapxbraanapipaasl (Ipant No AP 08052580).
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3.C. CapmypsuHal
IPTTI «PecnyOaukarickas Koarekuus muxpoopzanusmoé» KH MOH PK, Acmana, Kasaxcman
2TOO «ABIOTECH», Acmana, Kazaxcman

Pa3paboTka mpoTOKOaa II0 OIpeAeaeHnIO BUA0BO ¢paabcrpmKanyy INIEeBbIX
IIPOAYKTOB METOAO0M IIOAVIMEPa3HOM LIeITHON peaklini B peXXMe «peaabHOrO BpeMeHI»

Annortamms. PaabcuduKanys MsACHBIX IIPOAYKTOB CTAHOBUTCS Cepbe3HOi IpoOAeMOli BO BceM
MUpe, BKAIOYas HeCOOTBETCTBYIOIIYIO MapKHUpPOBKY, 3allpellleHHble J00aBKU MAM 3aMeHy JOpPOTHUX
VMHIpeAVeHTOB DoJee JelleBbIMM KOMIIOHeHTamu. IlocaeAcTBymsi TakMX MaHUIYASIIMIT MOTYT OBITh
OIIaCHBIMU 4451 3A0PpOBbsI IIOTpeONTeAs, HallpuMep, IInIIeBas aaleprus, oTpaBaeHne. B gaHHoI craThe
paspaboTaH IIPOTOKOA AAsl KadecTBeHHOro onpegedenus /JHK MuToXxoHapmaabHOro reHoma KypHUITHI
(Gallus gallus) MeToA0OM IIeIIHOI peaklUM IOAMMeEpasbl B pe>XXlMe peaabHOIO BpeMeHM B CBIPBIX U
TepMI4Yeckyt 0OpabOTaHHBIX MACHBIX IIPOAYKTaX.

Mertoasl. Pabora Oblaa rposedeHa A4 OlpejeAeHNs: cMeceil Msica ¥ MACOIIPOAYKTOB 13 KYPUIIBL,
VMHAENKN, AOIlaAV, OapaHMHBL, CBMHUHBI U TOBAAMHEL Jas usydeHmst daabcudukanum ObLAN
roarorosaeHsl 11 oOpasnos m3 9 BuUAOB Msca U ABYX BMAOB pacTeHmii. C IIOMOIIBIO KOMILIEKTOB
msoastym  JAHK PrepMan Ultra (Thermo Fisher, CIIA) ©Opaa moaysena AHK c¢  Bricokoit
KoHIleHTpaumern Mexay 1 900 mr/mMxa m 140 Hr/mka. Beibop cmenmuuHpIX IpaliMepoB U
(AyopeclIeHTHBIX ~30HAOB  OCYIIECTBASACS Ha OCHOBE BBIPABHMBAHNS — I10CA€40BaTeABHOCTU
MuUTOXOHApMaAsHOro reHa Kypunsl (Gallus gallus) B GenBank. Bce 1ermm BHIpOBHEHBI C ITOMOIIIBIO
nporpammHoro obecriedennsi Primer Designer 3.0 u cunresuposansr ThermoFisher.

Pesyaprarer. B xoge paborel Opia  paspaboTaH IPOTOKOA IIO OIpeAeAeHMIO  BUAOBOI
dasbcudukay ONUIEBBIX ITPOAYKTOB METOAOM ITOAVIMEPA3HON LIEIHOV peakUM! B peKiMe
«peaapHOro BpeMmeHmn». IIporokoa IILIP Opla mporectmpoBaH Ha Koaaekumio obpasnos AHK aas
orpeseAeHns Cl‘IeLU/ICl)I/I‘{HOCTI/I, I[P ¢ pasanmuasiM cogepxanmeMm AHK ©Opia mocrasaen aas
onpegeaenus uyscrsureasHoctu. AHK xypuiisr Obiaa getko nmpocaeskena s matpuiie AHK B mpegeaax
0,01-10%.

3akaoueHne. JlccaegoBaHms — IOKaszaay, UTO  pa3pabOTaHHBIN  IIPOTOKOA  SIBASETCS
BBICOKOUYBCTBUTEABHBIM M CHIepIIecKnM sKcIIpecc-MeToloM onpedeaenns AHK kypurisr metogom
IIIP «peaabHOTO BpeMeHM», YTO MO3BOAsET MCIOAb30BaThb MX B AMarHOCTuMKe BbIaBAeHusa /JAHK
SKMBOTHBIX.

Karouesbie caosa: AHK, msacueie npoayxrer, [THP, IILIP B peaabnom BpeMenu, Beideaenne JAHK,
dpaapcudukarys, IyBCTBUTEABHOCTD.
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Haxmot yaxoim pexcumindezi noaumepazovt misbexmi peaxus a0icimer mamarx oHiMOepinit, mypAik ParbcuPuxayusicoiH. ..

G.K. Abitayeva!, A.K. Shagirova'!, M.R. Toleubekova', N.A. Kushcheva!, A.B. Abeev?,
Z.S. Sarmurzina?!

IRepublican Collection of Microorganisms, Astana, Kazakhstan
2ABIOTECH LLP, Astana, Kazakhstan

Development of a protocol for determining the specific adulteration of food products by "real-
time" polymerase chain reaction

Abstract. Adulteration of meat products is becoming a serious problem all over the world,
including inappropriate labeling, prohibited additives, or replacement of expensive ingredients with
cheaper components. The consequences of such manipulations can be dangerous for the health of a
consumer. For example, it may cause food allergies and poisoning. In this article, there was developed a
protocol for the qualitative determination of the DNA of the mitochondrial genome of chicken (Gallus
gallus) by the polymerase chain reaction in real-time in raw and heat-treated meat products.

The study was carried out to determine mixtures of meat and meat products from chicken, turkey,
horse, lamb, pork, and beef. There were prepared 11 samples of 9 types of meat and two types of plants
for the study of falsification. DNA isolation kits PrepMan Ultra (Thermo Fisher, USA) were used to
obtain DNA with a high concentration between 1,900 ng/ml and 140 ng/ml. The selection of special
primers and fluorescent probes was based on the alignment of the sequence of the chicken
mitochondrial gene (Gallus gallus) from GenBank. All circuits are aligned using Primer Designer 3.0
software and synthesized by ThermoFisher.

The authors have developed a protocol to determine the specific falsification of food products by
a polymerase chain reaction in "real-time" mode. The PCR protocol was tested on a collection of DNA
samples to determine specificity, and PCR with different DNA content was delivered to determine
sensitivity. Chicken DNA was clearly traced in the DNA matrix in the range of 0.01-10%.

Studies have shown that the developed protocol is a highly sensitive and specific express method
for determining chicken DNA by a polymerase chain reaction in "real-time" mode, which allows them to
be used in the diagnosis of animal DNA detection.

Keywords: DNA, meat products, PCR, real-time PCR, DNA isolation, falsification, sensitivity.
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IlepcrieKTMBHOCTD IpMMeHeHMst ITaMMOB Metschnikowia pulcherrima aast G0pbOBI €
BO30yAUTEASIMU II0CA€yOOPOIHON HOPUN I110A40B

Annoramust. buoiaa uccaedosana  MukpoduarvHas KOHMAMUHAUUSL 1O06EPXHOCTIU  CEEKUX
PpYyKmMos, svipauLeHHbvIX 6 YACHDLX CAJ06LIX X03A1lcmeax Aamamurckoi obAacmu. B kavecmase
00eK1M06 UCCA)06AMHUS UCTIOALIOGAAU C6exue A0A0Kku copmos — Anopm, Aumorika, Tpesocxod,
I'pywosxa u pymu copmos - Aroutec u Tareapxa. Bceeo 6vir0 svidererio 77 u30A58mo6. Budosas
udeHmuPuKayusl no360Aurd omuecmuy ux x 8 eudam. Aas Ouonpenapama ObIA0 peuieHo
UCNOAL306aMb  MuKkpoopearusmvl  Metschnikowia  pulcherrima.  Cxpununz — mmammos
OCYULECBASIACSL HA  OCHO6e CHOCOOHOCTU  OpOXIKel 1o0asAimv $umonamozertvie 2puol
Penicillium expansum, Colletotrichum acutatum u Alternaria alternata. B pesyromame Oviau
omobparol 2 wmamma ¢ MAKCUMANDHOIMY NOKA3AMEAAMY  PYHZUUUOHOTL  AKIMUGHOCHIU:
Metschnikowia pulcherrima MP D12-21 u Metschnikowia pulcherrima MP C10-21.

Kaiouesble caoBa: s0roku, Metschnikowia  pulcherrima,  ¢umonamozeritivie  zpuodui,
buonpenapam, aHmMazoHusM, PyHULUOHASL AKMUSHOCTD, Ouonpenapam.

DOI: 10.32523/2616-7034-2022-140-3-76-82

BBeaenue

Hayxkoit aokasano, uto B Kasaxcrane B mpearopbsx Aaatay, HOSBUANCH IepBbIe AMKMe s0A0KU
(“16a0n:a Cusepca), KOTOpBIe BIIOCAEACTBUM OBLAM OAOMAaITHEeHbI ¥ 04aroll0Ay4yHO pacIpOCTpaHeHHI B
ApyTVie PervOHBl, CTpaHbl M KOHTMHeHTbl. CTOUT OTMeTUTh, YTO MMEHHO 9TOT PeruoH (Ipearopbs
3anamniickoro, Xonrapckoro Aaaray B AamartuHckoi oOaactu, Taaacckoro Aaatay B JKamObLackoit
00actu) sIBASIACSL M OCTaeTCs OCHOBHOJ 30HOM IIPOMBIILIEHHOTO cagoBoactBa B Kasaxcrane. Ha
CEeTOAHAIIHUI JeHb INPUYMHA CYIIeCTBeHHBIX IIOTeph YpoXKash OBOINell 1 (PYyKTOB CBsi3aHa C
Iopa>keHleM I11040B (uroraroreHHeIMu rpubamu[l]. AxTyaabHON 3ajadeil sABAseTCs pasdpaboTKa
OesonacHbIX, HO DPQPEKTUBHBIX (PYHIUINAOB A4S 3amuThl 1110408 [2,3]. HeoOxogumo peryaspHO
OOHOBAATH CyIIeCTBYIOIIMe IIperapaThbl, TaK KakK CIIeKTp ®TUX IIaTOTeHOB paciupsercs [4,5]. Leapio
AAHHOI pabOTHI ABMAOCH M3ydeHMe (PYHTUIIMAHON UM aHTarOHMCTUYIECKON aKTMBHOCTeN BblAeAeHHBIX
IIITaMMOB APO>K>Kell IT0 OTHOIIIEHMIO K IL1€CHeBBIM I'p1baM, SBASIOIIMMCS IPUYMHOI I10CAeyOOpOIHOI
IIOPYM I1A0A0B.

OOBeKTHI I MeTOABI VICCAe A0BAHMST

®DuUTONAaTOAOTMYECKUII aHAAU3 U3ydaau C IIpMMeHeHIeM MeTOAOB BU3YyaAbHOM AMAarHOCTUKM 1
MMKpOcKonnposaHns. PuronaToreHHsle MUKpoopraHuaMmsel Penicillium expansum (roayOasi 1AeceHb),
Alternaria alternata, Colletotrichum acutatum BBIA€AAAN U3 TMOPa’KeHHBIX IIA040B A0AOK M TpyHI C
AaAbpHeNIM KyAbTUBUpPOBaHMeM Ha cpege Yareka npu temnepartype 27° C B Teuenne 14 cyrok. I3
1110408 oTOMpaau 1no 1 r u 3acebaan Ha pazandHble nuTareabHble cpeabl: MITA, Cabypo Arap, MRS
agar, Yaneka arap, kaprodeabHO-AeKCTPO3HBII1 arap. VIHKyOupoBaan B adpoOHBIX ycaosusax npu (30+1)
°C B TeueHne 24-48 4. [Tocae nHKyOarum 445 nepBoHavYaAbHON UAeHTUPUKAINU U3ydaar MOp(oA0ro-
KyAbTypa/AbHble CBOJCTBA M MMKPOCKOIIMIO BBIPOCHIMX KOAOHMI. JKM3HECIIOCOOHOCTh KyAbTYp
MUKPOOPTaHU3MOB orpeseasian Meroiom Miles&Misra [6].

Maentudukanmio Bbige1€HHBIX U30A5ATOB IIPOBOAMAN C MICIIOAb30BaHMeM cucreMsl Bruker
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MALDI-TOF Biotyper. O6pasust aaa MALDI-TOF MS rorosuan caeayomum oOpa3oM: IPOBOAUAN
IIPsIMOJI TIEPEeHOC CBeKell e AMHITIHOV KOAOHUM Ha MOAMPOBAHHYIO CTaAbHYIO MuIieHb MSP 96 (Bruker
Daltonik), moacymmsaan. ITokpeisaan 1pl HaceeHHOTO pactsopa a-cyano-4-hydroxy-cinnamic acid
(HCCA) matrix solution 8 50% ameronurpmnae-2.5% tpudropykcycHoit kucaotsl (Bruker Daltonik) n
CyIINAM IIpU KOMHATHOM TeMmeparype [7].

MccaeaoBanne cTerneHy aHTarOHMCTUYECKON aKTMBHOCTY M3y4aeMBbIX IITaAMMOB 110 OTHOIIIEHMIO K

¢uTOorIaToreHHBHIM MUKPOOPTAHM3MaM BBIIIOAHAAN METOAOM arapoBBIX 040KOB. /451 STOTO CyCHEeH3UIO
TeCT-KyAbTYp (UTONATOTEHHBIX MMKpOOpranmsMos c KoHneHtpanmneir 107 KOE/mMa BHOCMAM B
pacIiaaBAeHHBIN arap, 3aTeM IOAIOTOBAEHHYIO cMech pasamsaan B damky [lerpm. Ilocae sactoiBanms
arapa Ha ero IIOBepXHOCTb IIOMeIlaAl arapoBble 0A0KH, BRIpe3aHHbIe 13 ra30Ha 1ccAeyeMoro ITaMMa,
C TUTPOM MUKPOOHBIX KAeToK 1x108 KOE/ma. Arapossie 010KM pasMelriaan pocToM (Ta30HOM) BBEPX Ha
PaBHOM PpacCTOSHUM APYT OT Apyra, IAOTHO MNPV>KMMas K arapoBoll mnaactuHke. IlogroropaenHsie
gamky Ilerpyu nnKydouposaan npu temmepatype 28°C, ONTUMAaAbHONM A4Sl TeCT-KYABTYPBL. 3ajepKKy
pocta  QUTONATOTEHHBIX MMKPOOPTaHM3MOB MHpu  00pabOTKe mccaesyeMbIMM — IITaMMaMi
KOHTPOAMPOBAAN Yepe3 7 CyTOK.
QyHIMIUAHYIO aKTMBHOCTB olpejeasian ¢ nomompio Mertoga Cross-Streak. CoraacHo Mertoay,
nccaesyeMple IITaMMBI APOXK>Kell € TIOMOIILI0 MUKPOOMOAOTMYECKOI IeTAN U IIIaTeAs HAaHOCHUAY Ha
gammku co cpegoit CaOypo. 3aTteM KyAbTMBMpPOBaAM B TepMocTaTe Ipu TeMieparype 28°C B TedeHne
484. Jasee m1ocae AByX CyTOK MHKyOary Ha yamky IleTpu ¢ OakTrepraabHBIM IITPUXOM packaaAbIBaau
040KM TecT-IIaTOTeHOB AnaMeTpoM He Ooaee 1 mMm. IlpeaBapuTeabHO KyAbTYphl TI'puOOB OblAM
BBIpaIlieHbl B TedeHne 14 cyrok. KoHrpoaem cayxmam yamiku ¢ KyAbTypoit rpuba, HO 0e3 M3ydaeMbIX
mTaMMoB. O QYHIMIMAHON aKTUBHOCTY APOSK3Kell CyAuAN 110 AaMeTpy pocTa KoAoHuu rpuda [8].

PESYAIJTEITI)I nccaea0BaHUsL

Aas uccaeaosanus ObLAM BEIOpaHbl HanbOoAee BOcTpeOOBaHHbIe CpeAr IIOTpeduTeael 1 IIMPOKO
pacripocTpaHeHHble B AAMaTUHCKOM o0aactu 4 copra sa040k: AniopT, Aumonka, ITpesocxog, I'pyiioska
un 2 copra rpynt: AJwomec, Taarapckas kpacapuija. PpyKThl 4aHHBIX COPTOB OTAMYAIOTCA BBICOKUMU
IIOKa3aTeAs MU KadyecTsa, pa3MepaMI 1110408, a TakKKe OOABIINM COAep KaHleM BUTaMIHOB, IIeKTUHa 1
yIaeBoA0B. MukpoOnoaormdeckne nccaeaosanus npopoanan coraacHo FOCT 10444.15-94.

Mukpo0Onoaormaecknit aHaAn3 II0Kasal, YTO OCHOBHO SIM(PUTHON MUKPO(PA0POIT ITOBEPXHOCTI
ppyKTOB ABAAIOTCS ODaKTepUM, APOXKKIU U I1eCHeBble IPUOBI.

Aas  maeHTHPUKAIMM MUKPOOPTaHM3MOB BbIpallleHHble eAMHUYHBIe KOJOHUM M3  BCeX
BO3MOKHBIX pa3Be4eHnii ObLAM OTCeSHbI Ha COOTBETCTBYIOII/e IINTaTeAbHbIe CPeJbl.

[Toayueno Goaee 70 M3045TOB, CpeAy KOTOPBIX TPaMIIOAOXKHUTEAbHbIE U TpaMOTpullaTeAbHble
11aA09KM, IPaMIIOAOXKNUTeAbHbIE U TPaMOTpHUIlaTeAbHbIe KOKKI U APOXKHU (PUCYHOK 1).

Pucynok 1. PocT MMKpOOpranusMoOB, BblgeAeHHBIX ¢ 1040K Ha cpeae Yareka
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Iepcnexmustocmv npumerenus wmammos Metschnikowia pulcherrima 0as 6opvoui c. ..

JaapHenmas uAeHTUPUKAIMA ¢ ucnoap3opaHneM cucremsl Bruker MALDI-TOF Biotyper
1I03BOAMAA OTHECTH 77 M30AATOB K 8 caeayrommm  Bugam: Rhodococcus erythropolis (2), Pediococcus
pentosaceus (3), Metschnikowia pulcherrima (9), Acinetobacter guillouiae (30), Arthrobacter histidinolovorans
(6), Pseudomonas fluorescens (1), Pseudomonas tolaasii (2), Arthrobacter nicotinovorans (24).

Ha pucynke 2 npuseseHs!l Hanbo.1ee 9acTO BBIAEASIONINECS BUABI SIIM(UTHON MUKPO(AOPEI Ha
ITOBEPXHOCTY (PPYKTOB.

N

= Metschnicowia pulcherrima = Rhodococcus erythropolis
= Pediococcus pentosaceus Acinetobacter guillouiae
= Arthrobacter histidinolovorans = Pseudomonas fluorescens

PucyHok 2. BuaoBoit cocTas BblgeAeHHBIX OaKTepmii

OcHoBBIBasICh Ha  KyAbTypaAbHO-MOPQPOAOTMYECKOil KapTuMHe U IposeJeHHON Maaan
uaenTudukanum, orodpaan 8 msoaaTos Apoxckeir. Ha Tsepapix mmraTeapHnix cpegax CaOypo
OOABIIMHCTBO KYABTYP APOXCKEN IpeACTaBAsAM CODOi TeMHO-Oypble KpYIIHbIe KOAOHMM KpPYIAOi
¢opmsl, andPyHaMpyIOLIINE B CpeAy BUIITHEBBI ITITMEHT.

VsBecTHO, 4TO rHUEHMEe U TOpYa PPYKTOB B IIePMOJ XPaHEHNs BLI3BIBAETCS IIPEMMYIIeCTBeHHO
ILA€CHeBBIMM TpuOaMM, KOTOpble OCOOEHHO OBICTPO pasBUBAIOTCSA Ha MOBPEXAEHHON ITOBePXHOCTIH.
briao obnapy>keHo, uTO mAecHeBble I'pMOBI Ha ITOBEPXHOCTU MCCAEAYEeMBIX COPTOB S0AOKU TPy
IpeAcTaBAeHbl OOABIIMM pa3HOOOpas3ueM (PUTOIATOTEHHBIX MMKPOOPTaHM3MOB BUAOB: Alternaria
alternata, Penicillium expansum, Colletotrichum acutatum (pucyHOK 3).

AAs BBIABAGHMS IIOpa’keHMUs IIOBEPXHOCTU 040K (PUTONATOTeHHBIMM MMKPOOPTaHM3MaMM
PPpyKTHI XpaHNAM B 3aKPBITEIX OOKcax Ipu Temirepatype 24+1°C 11 OTHOCUTEABHOIN BAaXKHOCTU BO3AyXa
95 % B Teuenne 16 cyTOK. YKazaHHbIe HeOAaTrOMPUATHEIE YCAOBNS XpaHeHNs CO34aBaall CIIelaAbHO 445
yBeANYeHNs MHTeHCUBHOCTY pOCTa I11eceHell Ha IIOBePXHOCTH s0.10K.

%
A
5
<

Pucynox 3. Penicillium expansum ua a610kax copta IIpesocxoa u rpymax copra Taarapckoe

[1py mM3ydyeHUM aHTArOHMCTUYECKOV aKTUBHOCTU APOSKKeil K (PUTOIATOreHHBIM IpyubaM ObLAM
IOAy4eHbI CAeAyIOIie pe3yAbTaThl: BRICOKIE ITOKasaTeAN IojaBAeHus pocrta rpuda Alternaria alternata
Ob1Lam BoIsIBAEHBI Y Metschnikowia pulcherrima MP G-19 (35+x1mm), Metschnikowia pulcherrima MP H7-19
(36,1+0,3Mmm), Metschnikowia pulcherrima MP D 12-21 (28+0,3mm), Metschnikowia pulcherrimaMPG1-21
(26+1,0mMm), Metschnikowia pulcherrima MPC10-21 (30+1mm). Tax>ke BhIIIIe cpeAHero 3HaYeHNs
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OTMedaJach aHTarOHMCTUYecKas aKTMBHOCTD y BCeX IITaMMOB APOX Keil K rpudy Penicillium expansum
(amametp 30H coctaBua oT 18 40 24 mm) u x Colletotrichum acutatum (ot 17 20 25 Mm).

ITpn usyyenmm QyHIMIMAHON aKTUBHOCTU Apoxckeit MerogoMm Cross-Streak Taxoke Obla0
OoOHapy>KeHoO, uTo Bce mTaMMbl Metschnikowia pulcherrima criocobHbBI IOAABASATL POCT U pa3BuTHe Tpuda
11.AU €TO CIIOPOHOIIIeHNe, HO C pa3ANYHO MHTEHCUBHOCTBIO (PUCYHOK 4).

a - Alternaria alternate 6 - Penicillium expansum

Pucynok 4. IlogaBaenne pocTa naecHeBbIX IPMOOB 1CCAe Ay eMBIMI Ky AbTypaMM APO>KXKeit

B Ttabamie 1 oroOpakeHBl pe3yAbTaThl (PYHIMIOMAHONM aKTUMBHOCTM Ha IpuMepe IITaMMa
Metschnikowia pulcherrima MP C10-21.

Tabanma 1
DyHrMImAHas akTMBHOCTh Metschnikowia pulcherrima MP C10-21
OOGDBEKTHI UCCAEAOBAHIAS JunamMeTp KOAOHUM IpUOOB B 30HE pOCTa APOXKIKe, MM
3-n 7-e 14-e

Alternaria Konrpoas 13+0,54 22+0,6 39,3+03
alternata M. pulcherrima 0 2,3+0,5 6,9+0,42

MP C10-21
Penicillium Konrpoas CrnaomHoit poct CriaomHoi poct CriaomHoit poct
expansum M. pulcherrima

MP C10-21 0 0 0
Colletotrichum | KonTpoan 11+0,34 47+0,8 53+0,6
acutatum M. pulcherrima 0 4,4+03 5,2+0,83

MP C10-21

C 3-ro g1 HabAIOAEHNUIT POCT IL1€CHEBBIX TPIOOB He 3aperncTpupoBaH, a Ha 7-71 4eHb OTMedaAcs
CIIZOIIHOM POCT MCCAeAyeMBIX IITaMMOB I eJBa 3aMeTHBII pocT rpudos. Poct xoaonvm Penicillium
expansum Ha 4Yalllkax C ApOo>K>KaMM He OblA BBISBAEH B TeUeHNe BCero rnepnoga Habaogennit. Ha 14-i
AeHb AnameTp Koaouuit rpudos Colletotrichum acutatum cocrabasia 5,2+0,83 MM, a B KoHTpoae 53+0,6 my
Alternaria alternata 6,9+0,42 MM, 4TO MeHbIITe, YeM B KOHTPOABHOI YaIllke Ha 46,2 MM.
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BeiBoabl

PesyabraTpl mccaeaoBaHMA IIOKasaAl, 4TO M30AATHL Aposxkokenn Metschnikowia pulcherrima
O6Aa,ﬂ,aIOT H_U/IpOKI/IM CHeKTpOM (1)YH1"I/ILU/I,ZI,HOIZ AKTUBHOCTNM IIO OTHOIIIEHMNIO K CI)I/ITOHaTOI"eHHbIM
rpubam pogos Alternaria, Penicillium, Colletotrichum. Ilo ntoram mccaegosaHust OblAM OTOOpaHBI ABa
mramma Metschnikowia pulcherrima MP D12-21 u Metschnikowia pulcherrima MP C10-21. 3asBaeHHbIe
IMTaMMbI HepCHeKTI/IBHbI C LeAblO pa3pa60TKM 61/[or1per[apaTa AL OGGCHE'—IQHI/UI AANTEABHOTO
XpaHeHI/IH I110408B.

®unancuposanne. llccaeaosanus 1posoguance B pamkax Inpoekra VIPH  AP09260001
«IToaydyeHne Guornpenapara 445 odecriedeHns 4AUTeABHOTO XpaHeHMs I BLICOKOTO KadecTBa I11040BbIX
KyabpTyp Kasaxcrana».
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A K. Tysaxosa, M.C. Ypasosa, A.M. Carenosa, C.M. Illarxu
KP BIM I'K «Muxpoopzanusmdepdit, pecnyorukarvix xkoarexuyuscor» PMK, Acmana, Kasaxcman

Erin )xnHaaraHHaH KeJiiHTi JXKeMicTepaiH KO34bIpFbIIITapbIMEH Kypecy YIIiH
Metschnikowia pulcherrima mramMaapbIH KOA4aHY II€pCIeKTUBACHI

Angartna. AamaTsl 00ABICEIHBIH JKeke Oay-OakIlia ItapyalblablKTapblHAa ©cipiareH >kaHa ITicKeH
JKeMicTepaid OeTki KabaTTapbIHBIH MUKpPOOMaAAbIK, KOHTaMMHALIMACH 3epTTeldi. 3epTTey HbICaHBI
petinge Anoprt, /Aumonka, Ilpessinnixoa, I'pymoska sxene iomiec koHe Taarapka cypblITapbIHbBIH
’KaHa aaMajaphl HaligadaHblaAbl. bapabirel 77 msoasarop GeaiHai. Typaik calikecTeHAipy oaapabl 8
Typre >KaTKbI3yFa MyMKiHAIK Oepai. Bruoaorusaasix enim ymin metschnikowia pulcherrima
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MIKPOOPTaHNM3MAEPiH KOAAaHy Typaasl memntim kKaObagaHasllllTamMmaapably CKpMHMHTL aIlIBITKBIHBIH
¢uronarorenai Penicillium expansum, Colletotrichum acutatum >xone Alternaria alternata
caHBIpayKyJAaKTapblH Oacy KaOiaeriHe HerisgeareH. Hotmokecinge QyHrMnmATiK 0OeaceHAiAIKTIH
MakcMaAaAbl KepceTkimmrepi Oap 2 mramm taHgaaas: Metschnikowia pulcherrima MP D12-21 >xone
Metschnikowia pulcherrima MP C10-21.

Kiat ce3saep: Aama, Metschnikowia pulcherrima, ¢uronarorenai canbIpayKyaakTap,
©110A0TMAABIK ©HIM, aHTaTOHN3M, PYHIUITUATIK OeaceHAiAiK, OMOAOTMAABIK OHIM.

A.K. Tuyakova, M.S. Urazova, A.M. Satenova, S.M. Shaikhin
Republican Collection of Microorganisms, Astana, Kazakhstan

The prospect of using strains of Metschnikowia pulcherrima to combat pathogens of post-
harvest spoilage of fruits

Abstract. Pre-treatment of fruits with biological products before placing them for long-term
storage leads to a decrease in epiphytic microflora. The scientific article presents the results of studying
the biological properties of antagonist strains that suppress the growth of phytopathogenic
microorganisms. The article investigates microbial contamination of the surface of fresh fruits grown in
private orchards in the Almaty region.

The purpose of the article is to study the fungicidal and antagonistic activities of the isolated yeast
strains in relation to molds, which are the cause of the post-harvest spoilage of fruits.The objects of
study were fresh apples of varieties - Aport, Limonka, Golden excellent, Pear and pear varieties -
Duches and Talgar beauty, phytopathogenic microorganisms isolated from affected fruits -Alternaria
alternata, Penicillium expansum, Acremonium alternatum.

There were 77 isolates in total. Species identification allowed them to be attributed to 8 species. It
was decided to use Metschnikowia pulcherrima microorganisms for bio preparation. Pre-harvesting with
the use of these yeasts is becoming increasingly popular, as they successfully colonize the surface of
fruits, preventing the reproduction of pathogens. Protection, in this case, is provided by the substance
pulcherrimin, a red chelates of iron, which is produced by some yeast and bacteria. It plays an
important role in establishing the role of microorganisms at the ecosystem level, controlling the growth
and biofilm formation of pathogens. Screening of strains was carried out based on the ability of yeast to
suppress phytopathogenic fungi Penicillium expansum and Alternaria alternate, Acremonium alternatum.

As a result, there were selected 2 yeast strains with the highest indicators of fungicidal activity
such as Metschnikowia pulcherrima MP D12-21 and Metschnikowia pulcherrima MP C10-21.

Keywords: apples, Metschnikowia pulcherrima, phytopathogenic fungi, biopreparation,
antagonism, fungicidal activity, biopreparation.
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The role of salicylic acid in the plant defense mechanism

Abstract. Pollution and climate change negatively affect plant health. The growing demand for
global food production in the agricultural sector is a decisive driving force for the development of
new disease control methods that are effective against known pathogens. Plants possess specialized
structures, chemicals, and complex defense mechanisms against pathogens. Understanding these
defense mechanisms and pathways is critical to developing innovative approaches to protecting
crops from disease. Plant stress can be reduced by applying salicylic acid, which is involved in
plant signaling. Salicylic acid induces pathogenetic gene expression and the synthesis of protective
compounds involved in local and systemic acquired resistance. For this reason, salicylic acid can be
used against pathogens, heavy metal stress, and salt stress. The applied salicylic acid enhances
photosynthesis, growth, and various morphological, physiological, and biochemical mechanisms in
stressed plants. In this article, we look at the use of exogenous salicylic acid for the relief of
bacterial, fungal, and viral diseases.

Keywords: Exogenous salicylic acid, plant diseases, biotic stress, abiotic stress.

Abbreviations: SA-salicylic acid, PAL- phenylalanine ammonia-lyase, ICS- isochorismate
synthase.
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Introduction

Both biotic and abiotic stresses continuously affect plants [1]. The various types of pathogenic
infections include common biotic stresses that cause serious problems in growth and development, as
well as in crop production, which ultimately affect the economy and human health. Plant stress is
estimated to cause yield losses of up to 42% for the eight most grown crops worldwide [2]. To protect
against these stresses, plants have evolved with a strong and integrated immune system. Their cellular
receptors identify stress factors and induce immune responses both in local foci of infection and in
distant places. The low molecular weight hormone salicylic acid, due to its participation in both local
and systemic immune responses, plays a fundamental role in stimulating immune response [3]. Plant
phytohormones such as abscisic acid, jasmonic acid, ethylene, and salicylic acid (SA) are important
components of various signaling pathways involved in plant protection [4-7].

Plants are mainly composed of carbohydrates, proteins, lipids, nucleic acids, vitamins, and other
cellular components. These biochemicals make up the basic cellulose/plant architecture. They also
regulate the metabolism, growth, and development of plants. Collectively, they are called primary
metabolites [8]. These organic compounds are structurally and chemically different from each other and
do not directly participate in plant metabolism, growth, and development. These various
phytochemicals are collectively referred to as secondary metabolites, by-products, or natural products
[9]. Although they are not essential for plant growth and development, they are important for human
well-being in various economic aspects such as pharmaceuticals, nutraceuticals, nutritional
supplements, and agrochemicals [10]. However, in an ecological context, they protect plants from
herbivorous and microbial pathogens. Moreover, due to the sweet aroma and attractive coloration
caused by these compounds, they attract animals to facilitate successful pollination and seed dispersal
[9,11]. Based on their structure and chemical nature, they are classified into three groups: (a) terpenes,
(b) phenolics, (c) nitrogen-containing compounds (Figure 1).
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Secondary metabolites

Terpenes/Terpenoids: Phenolics: N-containing compounds

1) Monoterpenes (10-C) 1) Simple phenolics such as | 1) Alkaloids such as cocaine,
2) Sesquiterpenes (15-C) caffeic acid, ferulic acid, | nicotine, morphine, and caffeine
3) Diterpenes (30-C) vanillin, salicylic acid 2) Poisonous group of
4) Triterpenes (40-C) 2) Complex phenolic | cyanogenic  glycocides  and
5) Polyterpenes macromolecules such as lignins | glucosinolate

and tennins and flavnonoids

Figure 1. Classification of plant secondary metabolites [9]

Terpenes are made up of branched 5-C units called isoprene. The mixture of these terpenes or
terpenoids constitutes an essential oil that gives the plants their characteristic odor and acts as an insect
repellent [12,13]. These phytochemicals include limonene, menthol, and azirachtin. Plant phenolic
compounds or polyphenols are composed of thousands of phytochemicals synthesized by the
shikimate/ phenylpropanoid pathway or the "polyketide" acetate/malonate pathway. They are
ubiquitous secondary metabolites that are known to counteract various environmental, nutrient, and
nutrient deficiencies [14]. N-containing secondary metabolites come from amino acids such as lysine,
tyrosine, or tryptophan. They contain hundreds of alkaloids such as cocaine, nicotine, morphine, and
caffeine. Moreover, this category also includes some highly toxic groups of cyanogenic glycosides and
glucosinolates [9].

Biosynthesis of salicylic acid in plants

It is widely accepted that plants possess both an isochorismate synthase (ICS) and phenylalanine
ammonia-lyase (PAL) pathway to synthesize SA, both starting from chorismate (Fig2). However, not all
enzymes catalyzing these pathways have been identified in plants. The importance of these pathways
for the biosynthesis of SA varies in different plant species. In Arabidopsis, the ICS pathway is the most
important, while the PAL pathway seems to be more important for SA accumulation in rice. Both
pathways contributing equally is also a possibility, as is the case in soybeans. Furthermore, SA
biosynthesis regulation can even be different within the plant. In rice, for example, the basal SA levels in
shoots are much higher than in roots [15,16].

Salicylic acid can undergo several modifications in the plant. Most of them cause SA to become
inactive. When SA is glucosylated, SA glucoside (SAG) can be produced. This compound can be stored
in the vacuole in large quantities [17]. As a result of glucosylation by Salicyloyl glucose ester (SGE) is
another SA sugar conjugate that can be formed in plants. Methylation increases the membrane
permeability of SA and makes it more volatile. This derivative can be released from the plant and serves
as a cue for plant-insect interactions [18]. Another major modification is amino acid (AA) conjugation,
possibly involved in SA catabolism [19]. Hydroxylation of SA results in 2,3- and 2,5 dihydroxybenzoic
acid (2,3-DHBA and 2,5 DHBA) [20]. Recently, a glycosyltransferase has been identified that can convert
MeSA to MeSA glucoside (MeSAG)[21].
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Figure 2. Possible pathways for SA biosynthesis in plants. Solid lines - conversion stages, datted
lines - transport from chloroplast to cytosol, dashed line - an alternative, unknown biosynthesis
pathway

A question mark indicates an unidentified protein. It is unclear whether the steps leading to
phenylalanine are performed in the chloroplast or the cytosol, or both, since chloroplast and cytosolic
CMs exist. Enzymes are marked in blue and have the following abbreviations: ICS, isochorism synthase;
CM, chorizmatmutase; PAL, phenylalanine ammonia-lyase; AIM1 - abnormal meristem of
inflorescencel; BA2H, benzoic acid 2-hydroxylase; |5, increased disease resistance 5; PBS3, avrPphB
susceptible3; EPS], increased stability of pseudomone 1 [22].

SA and Plant Immunity

Plants being sessile are constantly exposed to a number of pathogenic microbes, which based on
their infectious lifestyles can be broadly divided into biotrophs and necrotrophs[23-25]. Biotrophic
pathogens rely on nutrients from living host cells, whereas necrotrophic pathogens feed on dead cells.
Plants employ distinct immune responses to counter these pathogens and this aspect has been covered
in detail in several recent reviews [26,27].

The two major types of systemic resistance intensely studied in plant microbial interactions are
SAR [26] and ISR [28]. SAR and ISR are based on distinct phytohormonal signals. SAR describes
defenses against (hemi-)biotrophic pathogens activated after a local challenge by a pathogen in
systemic, uninfected tissues. The SAR signaling cascade is triggered by microbe-associated molecular
patterns (MAMPs) leading to MAMP-triggered immunity or triggered by pathogen effectors leading to
effector-triggered immunity [29]. Subsequently, the defense in systemic uninfected tissues is induced in
an SA-dependent manner and acts against a broad range of pathogens [30,26]. Various compounds have
been proposed as potential signals for SAR activation. For instance, methyl salicylate is a phloem-
mobile compound that can be transported to systemic plant parts, where it is hydrolyzed to the
bioactive SA to induce resistance [31]. For defense induction and in addition for attracting predators of
herbivores, methyl SA might also act as a volatile signal [32-35].

BECTHMK EHY umetu A.H. Tysmuaesa. Cepus Buorozuneckue nayxu Ne 3(140)/2022 85
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



The role of salicylic acid in the plant defense mechanism

Induction of local responses is associated with the transport of defense signals throughout the
plant resulting in broad-spectrum disease resistance against secondary infections. This phenomenon,
known as systemic acquired resistance (SAR), is conserved among diverse plants and confers long-
lasting resistance to unrelated pathogens [36-42]. Among the signals contributing to SAR are salicylic
acid (SA) and several components of the SA pathway including the methylated derivative of SA (methyl
SA, MeSA)[43].

Induction of systemic resistance in agricultural crops by the exogenous application of chemical
inducers, for example, methyl jasmonate [44], functional analogs of salicylic acid, benzothiadiazole, and
2,6-dichlororizonicotinic acid [46] and oxalic acid [45] is a potentially valuable component in complex
pathogen control strategies that complement traditional control methods.

SA is best known as a hormone associated with defense [47-52]. The first observations that SA are
involved in plant immunity were presented by Raymond F. White in 1979, who described that the use of
aspirin (acetyl-SA) in virus-susceptible tobacco (Nicotiana tabacum cv.Xanthi-nc) confers tobacco
resistance to a mosaic virus (TMV) [53]. This indicates the protective role of SA in plant resistance. In the
tobacco cultivar (N. tabacum) carrying the viral resistance gene, endogenous SA increased during viral
infection and the proteins associated with pathogenesis (PR) accumulated [54]. Likewise, SA was shown
to increase in cucumber phloem juice before induced resistance was found in systemic tissue [55]. Both
studies show that endogenous SA can play the role of an internal protective signal for plant immunity.

Early characteristics of plant immune responses included a pathogen-induced hypersensitive
response (HR), which can reduce the penetration and spread of pathogens through the local death of
plant cells at the site of infection [56]. In arabidopsis (Arabidopsis thaliana), the HR-like lesion (hrl)
mutant hrll, which accumulates a higher level of endogenous SA, demonstrates a reduced leakage of
HR-associated ions [57]. Moreover, SA-deficient Arabidopsis mutants exhibit enhanced immune
associated ion leakage [58]. Overall, these observations indicate that SA and/or related metabolites play
a critical role in HR regulation and cell death.

Another important aspect of plant innate immunity is related to the concept of systemic acquired
resistance (SAR). The acquired resistance caused by pathogens or symbiotic microbes was well
generalized and investigated by Chester in 1933 [59]. In 1961, the term SAR was first used by A. Frank
Ross to describe induced systemic resistance in TMV-infected tobacco. The initial infection of the plant
in the “primary” site of infection was sufficient to limit the growth of a wide range of pathogens, which
were subsequently inoculated into the distal secondary site of infection [60].

SA in Plant Resistance to Biotic Stresses

SA is a plant defense-related hormone that plays a key role in resistance to various microbial
pathogens such as viruses, bacteria, fungi, and oomycetes [61,62]). In plants, there is a well-established
positive correlation between endogenous SA levels and resistance responses against biotrophic and
hemibiotrophic pathogens [63]. SA at low concentrations also promotes faster and stronger activation of
callose deposition and gene expression in response to pathogenic or microbial elicitors, a process called
“priming” that promotes induced defense mechanisms [64].
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Table 1
Increase in disease resistance when applying exogenous SA in different plants [65]
Host plant Pathogen SA conc.and effect References
(infection style) | treatment method
Tomato Fusarium oxysporum 0.2mM ~55% reductionin | Jendoubi et al.
(Lycopersicon (hemibiotrophic) disease incidence (2017)
esculentum) Botrytis cinerea 2mM ~62% reduction in
(necrotrophic) disease severity | Liand Zou (2017)
Alternaria alternata 0.4mM ~57% reduction in | Esmailzadeh et al.
(necrotrophic) disease serverity (2008)
Potato purple top 100ml of 0.ImM | ~47% reduction in
(PPT) phytoplasma | SA is sprayed and | disease incidence Whu et al. (2012)
(biotrophic) 100 ml of 0.1 mM
siol-drenched
Pepper Ralstonia 0.5mM R.solanacearum - | Chandrasekhar et
(Capsicum solanacearum induced seedling al. (2017)
annuum) (hemibiotrophic) growth inhibition
is recovered.
Notably, 0.5 mM
Fusarium oxysporum 0.5mg/1 SA itself Yousif (2018)
(hemibiotrophic) enhanced
seedling growth
by ~ 150%
~50% reduction in
disease incidence
Rice (Oryza Magnaporthe grisea 8§ mM ~70% reduction in | Daw et al. (2008)
sativa) Xanthomonas oryzae disease serverity
(hemibiotrophic) 1 mM Leaf blight lesion | Mohan Bahu et al.
length is reduced (2003)
1 mM ~30% reduction in
Oebalus pugnax disease serverity
(piercing and 16 mM ~35% reductionin | Le Thanh et al.
sucking insect) number of bugs (2017)
found in plots;
tetarded nymph
development to
adult insect Stella de Freitas et
al. (2019)
Orange (Citrus Xanthomonas 0.25 mM ~45% reduction in Wang and liu
sinensis) axonopodis disease incidence (2012)
(biotrophic)
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Banana (Musa | Fusarium oxysporum Roots were Disease symptom Wang rt al.
acuminata) (hemibiotrophic) dipped in 0.1 mM | (corn browning) (2015b)
SA for 2 days is not observed 3
weeks after
inoculation with
the pathogen
Note, 0.2 mM SA-
induced necrosis
on roots
Chickpea (Cicer | Fusarium oxysporum | 10ul of ~14.5 mM | ~20% reduction in | Saikia et al. (2003)
arietinum) (hemibiotrophic) SA is injected at | disease serverity
the base of stem (also increased ~
6% in both shoot
10 ml of ~ 0.58 and root growth
mM SA is soil - length)
drenched ~ ~20% reduction
in disease
serverity (also
increased ~ 10
and 4.5%% in
both shoot and
root growth
length,
respectively)
Black gram or Mungbean yellow 0.1 mM ~71% reduction in Kundu et al.
urdbean (Vigna | mosaic Indian virus disease serverity (2011)
mungo) (MYMIV)
(biotrophic)
Pumpkin Zucchini yellow 0.1 mM ~66% reduction in Radwan et
(Cucurbita pepo) mosaic virus disease serverity al.(2007)
(ZYMV)(biotrophic)

Peanut (Arachis | Peanut mottle virus 0.2mM ~42% reduction Kobeasy et al.
hypogaea) (PeMoV) indisease (2011)
(biotrophic) serverity

Tea flower Colletotrichum ~1mM ~40% reduction in | Wang et al. (2006)
(Camelia oleifera) gloeosporioides disease serverity
(hemibiotrophic)

Rubber tree Phytophthora 5mM ~41% reductionin | Deenamo et al.

(Hevea palmivora disease serverity (2018)
brasiliensis) (hemibiotrophic) (>10 mM SA -

induced leaf
shrinkage)
Arabidopsis Botrytis cinerea 5 mM ~62% reduction in Ferrari et al.
(Arabidopsis (necrotrophic) lesion size (2003)
thaliana)
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Conclusion

Exogenous salicylic acid increases the internal glutathione cycle, thus improving the antioxidants
and metal detoxification systems. Furthermore, exogenous salicylic acid reduces the stress depending
on dose, depending on the type of stress as well as the plant species. Salicylic acid is a scavenger of
hydroxyl radicals and an iron-chelating compound that inhibits the direct impact of hydroxyl radicals
and their effect on plant growth. Hence, further studies on the practical use of SA in different crop
plants will contribute to developing a cost-effective and environmentally friendly crop management
system.
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A. IpxiT6ait!, A.K. Magenosa', 3.b. Cartaxosa?
IKasax yammoix azpapavik sepmmey yrusepcumemsi, Aamamut, Kasaxcman
2©cimdixmep OuorozuscCHl Kare buomexrorozusicor uncmumymot, Aamamot, Kasaxcmar

Caannma KbIMKBIABIHBIH ©CIMAIK KOPFaHBIC MEXaHM3MiHAeTi poai

Anaarna. Kopiiaran opTaHbIH AacTaHybl JKoHe KAMMAaTTBIH ©3Tepyi ociMAiKTepre Kepi acep eTeai.
AyplaImapyaIblablK  CeKTOPBIHAAFBl 94€MAIK a3bIK-TYAiK ©HAipiciHe CypaHBICTBIH apTybl Oeariai
KO3ABIPFBIIIITapFa Kapchl aypyaAapAbl OakblaayAblH >KaHa 94iCTepiH >Kacay YIIiH NIy KO3FayIIlbl
Kyl 0oabinn TaOblaaabl. OciMgikrep maToreHAepre Kapchl Typa aJaTbhlH apHaiibl KypblAbIMAapFa,
XMMUAABIK 3aTTapfa >KoHe KypAeai KOpraHbIC MexaHusMAepiHe me. Ocbl KOpraHBIC TeTikTepi MeH
>KOJAJapbIH TYCiHYy AaKblaJapAbl aypyJaH KOpPFayAblH MHHOBALIMAABIK TocCiAdepiH >Kacay YIIiH eTe
MaHBI3ABL. OciMAiKTepAiH KyliseadiciH eciMaikke curHaa OepyiHe KaTbhICaThIH CAaAUITNA KBIIIKBLABIH
KOAJaHy apKblabl azaiiTyra 601aab.Caanima KbIIIKBIABI IaTOTeHeTUKAABIK TeHAePAiH DKCIIPecCusAChIH
JKoHe CKepriaikTi >KoHe JKylleai >Kype Iaiiga ©OOAFaH KapChIABIKKA KaTbICAaTBIH KOpPFaHBIC
KOCBIABICTAPBIHBIH CHHTe3iH MHAYKIMAAanaAbl. Ocbl ceOenTi caaMINA KBIIIKBIABIH KO3ABIPFRIINITapFa,
aybIp MeTaajapra Kapchl, Ty3 CTpecciHe Kapchl KoAdaHyFa 604aaabl. Koa4aHbLAaTBIH CaAMITNA KBIIIKBLABI
CTpeccke VINbIparaH eociMAikTepde (oOTOCHMHTe3Ai, ©cyAi >koHe opTypaAi MOPQOAOTUAABIK,
PuU3NOAOTUAABIK >KoHe OMOXMMMAABIK MeXaHM3MAepAai Kymeiteai. bya makasaga 0i3 9K3oreHaix
CaAMIINA KBIIIKBIABIH OaKTepUsAABIK, CaHbIpayKyJaK >KoHe BMPYCTHIK aypyAapAbl >KeHiAdeTy YIIiH
KOAAaHy/bl KapacTbIpaMbI3.

TyitiH ce3aep: »K30reHAi caAMINMA KBIIIKBIABL, ©CIMAIK aypyaapbl, OMOTHKAABIK CTpecc,
ab1OTUKAaABIK CTpecc.

Keickaptyaap: CK-caamima — kpimksias, PAA-peHmaasanmH  amMmmmak-amasa, VIXC-
U30XOpU3MaT CHHTa3a.
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A. pxuroaii!, A.K. Magenosal, 3.b. Cantaxosa?
IKasaxcxuil HAYUOHAALHDLI AZPAPHBILL UCCA)06AMEeAbCKULL YHusepcumem, Aamamut, Kasaxcman
2ncmumym 6uorozuy u Ouomexrorozuu pacmenuit, Aavamol, Kasaxcman

Poab CaANIMNAOBOM KMCAOTHI B MEXaHM3Me 3alllUThL paCTEHI/Iﬁ

AHHOTaIMsL. 3arps3HeHne OKpy>Karolel cpeAbl U M3MeHeHNe KAMMaTa HeraTMBHO BAMSIOT Ha
340poBbe pacTeHmii. PacTtymmit crpoc Ha MMPOBOE IPOM3BOACTBO IIPOAYKTOB IIUTAaHUA B
CeAbCKOXO3SIIICTBEHHOM CeKTOpe SBASeTCsA pellaloleil ABVDKYIIeN CUAON AAd Pa3dpabOTKM HOBBIX
MeTOA0B OOpbOBI C 00ae3HsAMM, D(PPEKTUBHBIX MPOTUB M3BECTHBIX IIaTOTeHOB. PacreHus obOaasaioT
CHelMaAV3UPOBaHHBIMU  CTPYKTypPaMM, XMMMWYECKMMI BeIlecTBaMU M CAOXKHBIMM MeXaHU3MaMMU
3aIuTHl OT ratoreHos. [lIoHMMaHMe 9TUX 3alIMTHBIX MEXaHM3MOB U ITyTell MMeeT pelllaioliee 3HayeHue
AAsl pa3pabOTKM MHHOBAIIMOHHBIX ITOAXOAOB K 3alllUTe CeAbCKOXO35VICTBEHHBIX KYABTYp OT 0OAe3Heil.
Crpecc pacTeHunit MOXHO YMEHBIINTb, INPUMEHs CaAUIMAOBYIO KIUCAOTY, KOTOpas ydacTByeT B
repejaye CUrHaaoB pacteHuAMU. CaanimAaoBas KUCAOTa MHAYIIUPYET DKCIIPeCcCHUIO MaTOreHeTYeCcKIX
TeHOB I CUHTe3 3alllUTHBIX COeAVMHEeHMII, YyJacTBYIOIIMX B MECTHOM M CUCTeMHO HpuoOpeTeHHON!
pesucrenTHOCTU. 1o ®TON IMpMuYMHe CaAUIINAOBYIO KMCAOTY MOKHO MCIOAb30BaTh IPOTUB I1aTOT€HOB,
cTpecca OT TsI’KeABIX MeTaAloB, COAeBOTo crpecca. ITpumensemas caamimaosas KUCAOTa yCUAMBaeT
¢doTocuHTe3, pocT U pazanmdHele MOpQoaormdeckre, Gpru3NOAOTIECKNe ¥ OMOXUMIYECKIe MeXaHU3MBbI
B CTPeCCOBBIX pacTeHNUsAX. B 4aHHOI cTaThe MBI pacCCMOTPUM MCIIOAb30BaHME DK30T€HHON CaAMIINAOBON
KIICAOTHI AA51 00AerdeHns1 OakTepyaAbHbIX, TPMOKOBBIX ¥ BUPYCHBIX 32001€BaHNUIA.

KaroueBbie caoBa: 9K30reHHas caAUINAOBas KUCAOTa, 00Ae3HU pacTeHmI1, OMOTUYeCKUIi cTpecc,
abmoTnyecKuii crpecc.

Coxpamennst: CK-caannmaosas kucaora, PA/ - pennaasannHosas ammuadsas anasa, VIXC -
M30XOpMCMaTCUHTa3a.
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Ionizing radiation-induced epigenetic modifications and transgenerational effects

Abstract. Nowadays a number of nations are exploring differences in gene expression resulting
from changes in DNA methylation and modification of chromatin structure in response to external
stimuli, such as radiation. It has been also well known that Ionizing radiation affects variety
processes in exposed cells, in particular, cause changes in gene expression, mitochondria metabolic
activity, chromosomal instability, apoptotic cell death and other changes at the molecular level. The
point of view of the transgenerational nature of genomic instability suggests the possible
involvement of epigenetic mechanisms. Kazakhstan has the potential to be exposed to a variety of
hazardous materials, including radon, a radioactive gas that naturally occurs as a result of the
indirect decay of uranium. It is also important to indicate that the Republic of Kazakhstan is
considered the leader in terms of large reserves of uranium ores. Radioactive contamination is
considered to be an important point that affects both the surrounding environment and human
health. According to the World Health Organization, chronic exposure to radon and its decay
products is the number one cause of lung cancer in non-smokers. All of the above facts prove the
long-term pollution of the atmosphere by radiation has consequences for the health of the nation.
Taking into account the importance of radon as a risk factor for lung cancer, this review focuses on
discussion of possible radiation-induced alterations.

Keywords: radiation, radon, epigenetics, miRNA.
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Radiation, types of ionizing radiation, physical properties

Radjiation is the energy that has the ability to come from unstable atoms undergoing radioactive
decay. Radiation propagates from the source in the form of energy waves or charged particles. Humans
are exposed to ionizing radiation in every walk of life owing to its diverse use, from medical diagnostics
to industrial applications. Ionizing radiation is a component of our environment and an important tool
in medical treatment. There are two types of radiation such as non-ionizing radiation and ionizing
radiation.

Non-ionizing radiation is known for having enough energy for the atoms in a molecule to move
or vibrate, but not enough to remove electrons from the atoms. Examples of this kind of radiation are
radio waves, visible light, and microwaves, and ultrasound waves, and it is also used in magnetic
resonance imaging. These forms of NIR are present in our daily lives. Ultrasound waves and magnetic
resonance imaging are often used in medical examinations.

Ionizing radiation has so much energy it can knock electrons out of atoms, a process known as
ionization. Ionizing radiation can affect the atoms of living creatures, because of which it poses a threat
to well-being, damaging tissues, and DNA in the genes. Ionizing radiation comes from X-ray machines,
galactic particles from space, and radioactive constituents. Radioactive constituents emit ionizing
radiation when their atoms undergo radioactive decay.

Radioactive decay is the release of energy in the form of ionizing radiation. The ionizing radiation
emitted can include alpha particles, beta particles, and gamma rays. Radioactive decay occurs
in unstable atoms called radionuclides.

Ionizing radiation can be categorized as either electromagnetic or particulate energy.
Electromagnetic energy consists of y-rays and X-rays, which can penetrate human tissues; thus,
exposure to y-rays and X-rays can cause serious damage to organs. Particulate energy includes alpha
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particles and beta particles, which can only penetrate a few millimeters of skin. This lack of penetrating
power means that these particles do not cause significant damage to organisms, but they may act as
carcinogens or have other adverse health effects when injected or inhaled.

The health effects of alpha particles are unimaginably dependent on how the person is influenced.
Alpha particles do not have enough energy to get through the outer layer of the skin, as a result of
which the influence on the body from the outside is not considered a serious problem. However, from
the inside of the body, they have every chance of being quite harmful. If alpha emitters are inhaled,
swallowed, or enter the body through a cut, alpha particles have every chance of destroying organ
tissues. The damage from these large, heavy alpha particles makes them more dangerous than other
forms of radiation. The ionizations they cause are very close to each other - they can release all their
energy in several cells. This leads to more severe damage to cells and DNA.

Beta particles have greater penetrating power than alpha particles but cause less damage to living
tissues and DNA because the ionization they produce spreads more extensively. They travel further
than alpha particles, but it is possible to stop their penetration with a layer of clothing or a thin layer of
a material such as aluminum. Some beta particles are ready to seep through the skin and cause damage,
such as skin burns. However, as with alpha-emitters, beta-emitters are most hazardous when they are
inhaled or swallowed.

Gamma rays are similar to visible light but have much higher energy. Gamma rays are often
emitted in conjunction with alpha or beta particles during radioactive decay. Gamma rays pose a
radiation threat to the entire body. They have every chance of simply seeping through obstacles that can
slow down alpha and beta particles, such as skin and clothes.

Ionizing radiation is now generally accepted as a severe DNA-damaging agent, which can lead to
severe diseases such as cancer. It has been also well known that the effects of Ionizing radiation on
genomic instability have a transgenerational nature. Thus, they are the precursors of tumorigenesis and
genetic and epigenetic effects.

One of the most hazard radioactive particles in the environment is radon, which affects human
internal organs. Radon (Rn-222) is a natural radioactive noble gas that originates from the decay series
of uranium-238, which can be found in soil, water, outdoor, and indoor air. Radon exposure accounts
for over 50% of the effective annual dose of natural radioactivity. Recently worldwide, social interest in
radon exposure and its health effects have increased greatly. Environmental exposure to radon is a risk
factor for respiratory diseases. Also, it is important to note that the Republic of Kazakhstan is a leader in
the world reserves of uranium ores, producing the largest share of uranium from mines (41%), followed
by Canada (13%), Australia (12%), USA, France, Germany, and Spain. In these countries, there is a high
concentration of radon in the atmosphere and water [1, 2].

A recent estimate put the radon contribution at 14% of total lung cancer deaths. The main source
of radon in the air and living quarters is its passive diffusion from the soil. Radon migrates out of soil
and rock into the surrounding air, resulting in accumulation in poorly ventilated or closed areas. Such
areas represent the primary environments in which humans are exposed to radioactivity from radon [3].

Radon emits multiple high linear energy transfer (LET) alpha
particles upon radioactive decay and has been found to be carcinogenic to humans by the International
Agency for Research on Cancer. The high-linear energy transfer of a-particles emitted by radon and
radon decay products can directly attack genomic DNA and cause mainly double-strand breaks in
DNA. In comparison with the damaging effects of -, and - radiation, alpha particles cause around 40
times more severe radiation damage. The decay of a-particles results in the ejection of electrons from
water, generating several oxidative reactive species leading to cellular damage by hydroxyl radical
attack [2, 4]. Currently, residential radon exposure is considered the second highest cause of lung
cancer and the leading cause among nonsmokers. Exposure to radon leads to the inconstancy of the
genome, in fact, which causes the accumulation of numerous genetic changes and leads to the
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development of cancer. Radon is an environmental toxin that has the ability to increase the risk of lung
cancer with long-term exposure. The highest values of radon are found in the northern and eastern
regions of Kazakhstan due to natural sources of radiation and long-term and large-scale uranium
mining.

Radon particles can damage cellular components by two mechanisms: LET and the oxidation of
cell components by reactive oxygen species (ROS). As they pass through the cell, the movement speed
of alpha particles decreases, resulting in more energy releasing per unit of track length, which leads to
the damage of cellular components. The path of the particle through the nucleus of the cell crosses many
strands of DNA, and the energy released during these breaks the phosphodiester bond, resulting in the
formation of double-stranded DNA breaks (DSBs) [5]. This leads to the most cytotoxic lesions caused by
radon, and, in the case of defects in the work of the reparative systems, the formation of such breaks can
lead to chromosomal instability [6]. Chromosomal instability is not only one of the causes of
carcinogenesis but also contributes to tumor adaptation to cytotoxic anticancer drugs 7, 8]. The
epigenetic basis of lung cancer is related primarily to changes in the profile of miRNA. miRNAs are a
class of small single-stranded non-protein-coding RNAs that play important roles in different cellular
processes including cell development and proliferation, differentiation, growth control, and apoptosis
[2, 9-11]. In connection with exposure to radon, it is possible to observe the change in microRNA
profiles, using it as a tool for early cancer diagnosis.

There is enough research evidence about the role of mitochondria in the cellular response.
Radiation changes the structure and function of mitochondria developing oxidative stress.
Mitochondria constitute a major intracellular source of reactive species, as they generate almost 90% of
the total number of cellular ROS [12]. High intra-mitochondrial ROS levels can damage the
mitochondrial DNA, causing global DNA hypomethylation, by decreasing the activity of DNMTs and
these changes are transmitted to the progeny of the irradiated cells [13]. These observations suggest that
mitochondrial dysfunction can cause oxidative DNA damage and contributes to an altered epigenetic
landscape to perpetuate radiation-induced instability [14]. Thus, the mutated mtDNA (or its absence)
may affect the expression level of p53 and, in consequence, the expression profile of genes that are
under the transcriptional control of p53. Furthermore, the key elements of the cellular response to
ionizing radiation, and induction of p53 activity are missing in the absence of mitochondrial respiration.
Detailed molecular mechanisms remain to be discovered. Thus, there is no doubt that mitochondria
play a key role in cellular responses to various types of ionizing radiation, including the development of
cellular aging.

According to Liu et al. dates examined mitochondrial damage and the Warburg effect in
malignantly transformed human bronchial epithelial cells following exposure to radon. Based on these
findings, it has been suggested that mitochondrial damage and SDHA-mediated aerobic glycolysis may
play a crucial role in cell malignant transformation induced by radon. The Warburg effect is a well-
known metabolic hallmark of cancer. Studies have shown that long-term exposure to radon in human
bronchial epithelial cells indicated an obvious Warburg effect, and we identified that the p53-mediated
energy signaling pathway plays a crucial role in radon-induced malignant cell transformation [15].

Taking into account the hazardous effects of radon, causing lung cancer, which is the leading
cause of death in the world, it is important to make research in this area.

Epigenetics. Main mechanisms: histone variants, miRNA, and DNA methylation

Epigenetic events are known to regulate gene activity and expression during development and
differentiation. In particular, epigenetic mechanisms regulate the gene expression in our body’s cells to
create all the different cell types, although they have the same genome. However, they also affect gene
expression in response to environmental stimuli, including ionizing radiation [16]. The main epigenetic
changes currently considered are DNA methylation, histone modification, and modulation of non-
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coding RNAs (ncRNAs) [17]. It is generally assumed that the accumulation of genetic modifications
favors the development of cancer. While this conceptisthe basis of our knowledge of cancer
progression, it cannot explain the heterogeneity of tumor cell growth, invasion, or resistance
to therapies. The important role that epigenetic phenomena play in carcinogenesis is increasingly
recognized.

Epigenetics is one of the most quickly growing fields of biomedical research, as well as one of the
most intriguing and promising in terms of improving our understanding of disease etiologies and
seeking new treatment techniques. Recent landmark events in this area include the characterization of
human DNA methylome with single nucleotide resolution, the discovery of CpG island coasts, the
identification of new histone variants and modifications, and the development of maps of the whole
genome of the positions of the nucleosomes. Much of our better understanding is the result of
technological breakthroughs that have made it possible to conduct large-scale epigenomic studies.
These new methodologies have enabled ever finer mapping of the epigenetic marks, such as DNA
methylation, histone modifications, and nucleosome positioning that are critical for regulating the
expression of both genes and noncoding RNAs. Epigenetic processes, i.e., alterations to biological
information without changes in the DNA sequences that are mitotically or meiotically heritable, go
beyond DNA-stored information and are essential for packaging and interpretation of the genome [18].

DNA methylation is a covalent chemical modification resulting in addition of a methyl (CH3)
group at the carbon 5 position of the cytosine ring of CpG dinucleotides. CpG sites are concentrated
either in repetitive sequences or CpG islands in promoter regions. Methylation of CpG islands naturally
takes place during X chromosome inactivation and imprinting, though the majority of CpG islands
remain unmethylated during development and differentiation. Extensive changes in DNA methylation
during the processes of differentiation are known to take place at CpG island shores, regions of
comparatively low CpG density close to CpG islands [19].

Post-translational histone modifications identified so far include acetylation, phosphorylation,
methylation, and monoubiquitination. Histone acetylation occurs at specific lysine residues in the
histone tails and is a reversible covalent transformation. This modification can neutralize the positive
charge of the targeted lysine, weakening the histone-DNA [20] or nucleosome interactions and,
therefore, causing conformational changes leading to an open chromatin structure [21]. Histone
acetylation is almost always associated with transcriptional activation [22] and while the majority of
acetylation sites are present within the N-terminal histone tail, which is more accessible for
transformation, acetylation in the H3 core domain at lysine 56 (H3K56ac) has yet to be reported [23].

Histone methylation is a reversible modification mainly occurring on the side chains of both
lysines and arginines [24, 25]. Up to three methyl groups can be added to a single lysine residue,
creating four different methyl modifications in total: unmethylated, mono-, di-, or trimethylated states.
That is why methylation is unique among all post-translational modifications of histones. Apart from
this, the remains of arginine have every chance of being subjected to both monomethylation and
dimethylation, while the latter contains a symmetrical or asymmetric configuration [24].

Histone phosphorylation, like other histone modifications, is a highly dynamic process whose
structure is characterized by the addition of a phosphate group from ATP to the hydroxyl group of the
target amino acid side chain of several and various residues in histone tails. The addition of a phosphate
group and, consequently, a negative charge can modify the chromatin structure and thus affect the
interaction between transcription factors and other chromatin components [26, 27]. Histone
phosphorylation takes place on serine (S), tyrosine (Y), and threonine (T), with the vast majority of
histone phosphorylation sites being found within the N-terminal tails and only a very few examples,
such as H3Y41, are found within the histone core [26, 28].

Amongst multiple post-translational modifications, protein ubiquitination is a common and
important process in cells [29, 30]. The diversity of ubiquitination types includes monoubiquitination,
multiubiquitination, and polyubiquitination, each having different cellular functions [31]. Histone
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ubiquitination occurs primarily in a mono-ubiquitinated form and correlates with active and open
chromatin. Although depending on the genomic structure histone ubiquitination could be associated
with both transcriptional activation and silencing [32, 33]. Monoubiquitination is involved in DNA
repair, gene expression, and receptor endocytosis. Furthermore, a role of monoubiquitination at histone
H2A linked to DNA repair mechanism has been reported [34]. Polyubiquitination of Ub-K48 targets a
protein that needs to be degraded. Genetic and epigenetic aberrations, such as mutation, amplification,
and deletion, can be the common causes of dysregulated ubiquitination and deubiquitination in cancer
cells [35].

One of the important factors regulating the functioning of eukaryotic cells at the nucleosome level
is the replacement of histones by their variants. There are two types of histones: canonical and variant
histones. Variant histone genes are expressed throughout the cell cycle while canonical histone genes
are exclusively expressed in the S phase [36]. Known histone variants belong to the H1, H2A, and H3
histone families [37, 38]. Histone variants contain a unique ability to regulate key cellular and
developmental processes, and, when deregulated, may contribute to cancer initiation and progression.
Indeed, a growing body of evidence links histone variants to cancer biology. For example, the
expression level of particular variants correlates with tumor malignancy in a number of different tumor
types, and, thus, histone variants may be utilized as prognostic indicators in cancer (described below in
detail) [39, 40].

Another important element is a miRNA which regulates gene expression affecting many cellular
mechanisms. miRNAs have emerged as an interesting area of basic and translational biomedical study,
owing to their influence on gene expression, robust presence in bodily tissues and fluids, and their
potential utility as disease biomarkers [41, 42]. miRNAs primarily affect gene expression levels via
targeting mRNA. Any changes in miRNA expression may affect the extent of target regulation, and thus
influence cell homeostasis [43, 44]. Therefore, the relative levels of miRNA, and consequently mRNA,
have a major role in carcinogenesis and other diseases. It is currently believed that miRNAs can make
up somewhere in the region of 1-3% of the entire human genome [45, 46] and estimates of the number
of miRNA targets show that they can play a role in the regulation of up to 30% of mammalian genes
[47]. Consequently, miRNA have been shown to play central roles in developmental timing,
hematopoietic cell differentiation, programmed cell death, and oncogenesis [48].

Although the main role of miRNAs is to perform post-transcriptional gene regulation, their
control of other non-coding RN As has reshaped our understanding of RNA biology. miRNAs have been
found to interact with long non-coding RNAs (IncRNAs), circular RNA (circRNA) and pseudogenes to
either induce miRNA suppression or increase cellular competition for miRNA binding sites [49, 50, 51].
MiRNA are involved in the regulation of important cellular processes, such as proliferation [52], cell
death [53], angiogenesis [54], invasion and metastasis [55], a dysregulation that is a hallmark of cancer
[56]. Thus, it is not surprising that abnormal miRNA expression has been demonstrated in many
different cancers.

These examples show how indirect control of miRNAs via transcription factors, promoters and
epigenetics has wider implications on miRNA expression, and the capacity to influence several cellular
pathways, including those in cancer development [57].

Radiation-Induced Epigenetic Changes

Ionizing radiation can induce a broad spectrum of DNA changes such as: base damage, sugar
damage, single strand breaks (SSBs), double strand breaks (DSBs), DNA-DNA and DNA-protein cross-
links. Indeed, ionizing radiation is uniquely very efficient at inducing clustered DNA lesions [58]. At
low doses, even the passage of a single particle can produce clustered DNA lesions [59]. The frequency
and degree of clustering of DNA damage depend on radiation quality.
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It is well known that ionizing radiation can cause DNA damage, both directly in DNA and
indirectly via reactive chemical species generated around DNA [60], and that the spectrum
of damage depends radiation quality [61]. Indirect DNA damage by water free radicals is the
most common mechanism for low LET radiation, while direct DNA damage predominates for high
LET[17]. These radicals are formed by the radiolysis of water,of which hydroxyl
radicals are considered the most harmful. Under aerobic conditions, these free radicals are
converted into ROS containing both free radicals and non-free radicals.

As mentioned before, the main mechanism of ionizing radiation is the development of oxidative
stress. Oxidative stress also contributes to epigenetic changes by altering the action of ncRNAs, in
particular miRNA. However, the interactions between ROS metabolism and miRNA levels appear to be
complex. Oxidative stress is caused by various factors such as ionizing and UV radiation, chemicals
present in the environment or food, and pathogens. Numerous reviews contain data characterizing the
relationship between oxidative stress and carcinogenesis, as well as tumor progression. Therefore, it is
of considerable interest to study post-exposure oxidative stress at the cellular level. It is associated with
chronic oxidative stress in ionizing radiation-surviving cells and their progeny, and is thought to be a
cellular mechanism that allows precancerous cells to acquire typical malignant features. Genomic
instability is expressed as increased levels of chromosomal aberrations, mutations, cell death, and
mitotic failure [13].

Mitochondria also appear to have an important role in radiation-induced global DNA
hypomethylation. Dysfunction of mitochondria can affect epigenetic regulation [62]. As a rule, the role
of mitochondria in the epigenetic response of a cell to radiation exposure is associated primarily with
changes in the genomic DNA methylation profile.

Overall, these data indicate that low-LET radiation exposure results in global DNA
hypomethylation. However, it is important to identify whether or not hypomethylation is uniformly
distributed throughout the genome, and whether there is also specific locus hypermethylation, which is
known to be associated with inactive chromatin state and in most cases with repressed gene expression
activity [63, 64, 65]. Specific-gene hypermethylation often involves normally unmethylated CpG islands,
and can be associated with transcriptional silencing of the corresponding gene. If it is a suppressor gene,
its loss of function may be a key event contributing to the oncogenic process [66. 67, 68]. Indeed, some
studies have shown a significant DNA hypermethylation of tumor suppressor genes in workers
exposed to ionizing radiation [69, 70]. Furthermore, gene-specific DNA methylation alterations have
been found in X-ray irradiated human breast cancer cells [71]. Interestingly, this differential methylation
changes correlate with already known biological responses to radiation, such as those on cell cycle,
DNA repair, and apoptosis.

Cell exposure to ionizing radiation results in a wide variety of histone modifications. A well-
known radiation-induced histone modification is histone H2AX phosphorylation, which is crucially
important for maintaining the stability of the genome and repairing DNA double-strand breaks.
Phosphorylation of this histone at serine 139 (y-H2AX) is an early cellular response to ionizing radiation
and is used as a measure of DSBs [72, 73]. In an in vivo murine model, low-dose X-ray irradiation
resulted in decreased tri-methylation of histone H4 in the thymus accompanied by an overall reduction
in chromatin compactness, a significant increase in global DNA hypomethylation as well as an
accumulation of DNA damage and was associated to a reduced expression of DNMTs [74]. Similar
histone modifications were found in human breast cancers [75]. These findings demonstrate that
radiation-induced changes in DNA methylation and histone modifications result in overall GI.
Furthermore, it has been shown that chromatin modification by histone acetylation is also crucial for
DNA repair [76], and that chromatin acetylation is involved in several important steps such as
chromatin remodeling and tagging of DSBs, activation of repair regulators, cell cycle regulation, and
apoptosis [77].
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miRNAs regulate a variety of cellular processes, including those induced by the effects of
radiation exposure. Several studies recognize miRNAs as biomarkers for assessing the degree of
radiation contamination with radon. They are important regulators of various genes associated with the
risk of lung cancer [8]. A number of studies have examined the general and specific effects of miRNA
disruption in different cell types exposed to low-LET ionizing radiation [78]. miRNAs have been shown
to be involved in the response of irradiated cultured human cells [79]. In particular, it was shown that
ionizing radiation affects miRNA levels in human endothelial cells [80]. Overall, these studies revealed
that the expression levels of several miRNAs change significantly upon irradiation and indicated a
specific role of various miRNAs on cellular radiosensitivity [81].

We have researched that cf-mtDNA levels were significantly higher in patients with radon-
induced lung cancer than in other study participants. There was a significant difference in the level
of cf-mtDNA in the blood plasma of healthy subjects exposed to high doses of radon and not exposed.
In addition, mtDNA copy number was higherin healthy individuals living in areas with high
radon concentrations than in lung cancer patients who were not exposed to high doses of radon. In
addition, the results of our previous studies indicate that the microRNA expression profile is
significantly changed by exposure to alpha radiation in individuals living in areas with elevated radon
levels [83].

Transgenerational epigenetic effects of ionizing radiation

The inherited change in gene expression induced by a prior stimulus such as ionizing radiation is
often referred to as epigenetic memory. Epigenetic memory is a kind of "imprint" that maintains gene
expression states across cell generations in the absence of changes in the DNA sequence and in the
absence of the original stimulus. Epigenetic memory can be considered on different time scales: cellular
and transcriptional memory (mitotic heritable) and transgenerational memory (meiotic heritable) [82].
In many cases, epigenetic changes have beenshownto be stable and can lead to
transgenerational hereditary changes. In plants and some animals like nematodes, transgenerational
epigenetic inheritance is well documented and relatively common [84].
Numerous examples of transgenerational epigenetic effects have been reported, in which environmental
exposures, including ionizing radiation, lead to heritable phenotypic changes that pass-through male,
female and sometimes both germlines [85]. In mammals, epigenetic patterns are largely erased and then
remodeled during germ cell development and early embryonic development (epigenetic
reprogramming) [87, 88]. Radiation-induced transgenerational effects may involve radiation-induced
genome instability.

Radiation-induced transgenerational effects belong to an epigenetic phenomenon that could not
be defined as a transmission of altered phenotypes from the irradiated parents to their non-exposed
offspring. The transgenerational effects of paternal exposure to ionizing radiation were also observed by
studying other genetic endpoints. It was shown that paternal irradiation significantly increases the
frequency of chromosome aberrations in their first-generation offspring.

Given that the majority of epigenetic marks in mammals, such as DNA methylation, are erased
after fertilization, it would appear that changes in DNA methylation in the germline of irradiated males
may not contribute to the phenomenon of transgenerational inheritance. According to the results of
recent studies, the mechanisms of Accepted Manuscript epigenetic inheritance can be attributed to the
non-coding RNAs. It was also shown that in mammals non-coding RNAs can be transmitted to
maturing sperm by small extracellular vesicles epididymosomes. It has been shown that miRNA-
containing extracellular vesicles are present in the blood of irradiated mice. It would therefore appear
that extracellular vesicles can be trafficked from blood to sperm. Indeed, according to the results of a
recent study, the miRNA spectrum in sperm of irradiated mice significantly differs from that in [88].
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Conclusion

The observations in the study suggest that the environment affects the body without the
involvement of genetic mechanisms. The study of the role of epigenetics in the basic biochemical
processes of the organism greatly expands our understanding of the disease development. Currently,
one of the topical subjects for studying the possibilities of preventing the development of diseases is the
study of transgenerational effects, when not only genetic but also phenotypic adaptive mechanisms are
transmitted through generations. The studied data indicate that the influence of environmental factors
(bad habits, stress, overnutrition or malnutrition, intestinal microbiota and others) during early
development may contribute to the epigenetic transgenerational inheritance of phenotypic variability.
Epigenetic processes can alter gene expression, which can either increase susceptibility or promote
disease tolerance in future generations. Epigenetic biomarkers could in the futurebe used as a
diagnostic tool to assess whether a person has a specific susceptibility to disease or exposure to
environmental toxins.

The study of ionizing radiation is a topical subject in the field of biomedicine, as it is the main
cause of changes in the genome. Ionizing radiation affects the level of microRNA, which in turn
regulates many cellular mechanisms. MiRNA in body fluids is stable and available for research. This
makes them non-invasive biomarkers of particular interest. Circulating miRNAs will be used not only
in the field of oncological diseases, but also in many other pathologies. Another breakthrough in science
that we are currently exploring is the study of microRNAs in circulating vesicles, such as exosomes,
which contain the microRNAs of the cell from which they originated. Isolation of exosomes is now
available through a variety of isolation techniques and allows them to be studied as biomarkers based
on their cellular origin. Thus, it is possible to analyze all the data on the use of miRNAs as biomarkers in
biological fluids and consider the emerging prospects for circulating vesicular forms of miRNAs to
assess the state of cells and tissues synthesizing them. Our study provides evidence for a possible role of
cf mtDNA as a promising biomarker of lung cancer induced by exposure to high dose of radon.
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Republic of Kazakhstan (Grant No-AP08856116).
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b.E. KacpimoBa, O.B. byarakosa, P.1. bepcimOaii
A.H. I'ymunaes amoindazor Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman

Monaaymnl coyaeaeHyAeH TybIHAAFaH SIIUTeHeTUKAABIK MOAVUKausap KoHe
TpaHCreHepauysAbIK dcepaep

Anaarma. Kasipri yakerrta Oipkarap eagep AHK mernasenyi MeH XpoMaTuH KYPBbLABIMBIHBIH
coy/AeleHy CUAKTBI CBIPTKBI TiTipKeHAiprilrepre >kayall OepyJeri esrepicrepaeH TYBIHAQUTBIH I'eH
DKCIIPecCHsACHIHAAFBl  alibIpMalllbIAbBIKTapAbl 3epTreyde. CoHJali-aK MOHAAYIIBI CoyAeAeHYAiH acep
eTyll >KacyllladapAarbl opTypAi IIpollecTepre oacep eTeTiHi, aTam aliTKaHAa, TeHAepAiH
DKCIIPeCCUSCHIHBIH ©3TepyiHe, MUTOXOHApPUAAapABIH MeTa0OAMKaAbIK OelceHaiairiHe, XpOMOCOMaABIK,
TYpPaKChI3AbIKKA, >KacyllladapAblH allOIITO3fa VINbBIpayblHa >KoHe MOAeKyJAaablK JeHreiije Oacka
esrepicrepre oKkeaeTiHi Oearizi. I'eHOMABIK TYpaKCBIBABIKTBIH TpaHCreHepalusaAbIK TaOUFaThIHBIH
KO3Kapachl SIUTeHeTUKAAbIK, MeXaHU3MAepAiH BIKTMMaA KaTbICybIH Ooakaiiabl. Kasakcran sprypai
KayillTi MarepuaajapAblH, COHBIH illliHAe ypaHHBIH >KaHaMa blAbIpayblHaH TaOufM Typae mHaiiga
0oaaTBIH pajAMOaKTUBTL ra3 — pajoOHHBIH ocepiHe ymblpayel MyMKiH. CoHgaii-ak, Kasaxcran
PecniyOamkacel ypaH KeHAepiHIH yAKeH KOpBI OOMBIHINA KOIIOacIIsl OOABIII caHAAATBIHBIH aTarl eTy
MaHbI3ABL. PagnoaxkTusTi AacraHy KopIlafaH opTara 4a, ajaMHBIH JeHCay/AbIFbIHA Ja ocep eTeTiH
MaHBI3ABl (PaKTOp OOABIIT caHadaAbl. /JYHMEXY3idiK JeHcayAblK caKTay VUBIMBIHBIH MaAiMerTi
OolfbIHINIA, PaJOHHBIH >KoHe OHBIH BIABIPAy ©OHIM/JEpiHiH CO3bLAMAAbl 9cepi TeMeki TapTHalTBIH
ajdaMJapaa exIie icirinig Oipinri cebebi 0oapm Tabblaaabl. JKorapeiga aTaaran ¢akriaepaid OapABIFBI
aTMocepaHBIH y3aK YakKbIT OOJBl pasuanusMeH JAacTaHYBIHBIH XaAbIK JAeHCAyABIFbIHA 3VISTHBIH
TUTI3eTiHIH Adaeaaeliai. OkmeHiH KaTepAi iciriniH KayinTi ¢pakTopsl peTiHAe pajOHHBIH MAaHBI3ABLABIFBIH
ecKepe OTHIPHII, Oy II0AyJa paAnalnsadad 00AaThIH BIKTIMAA ©3TepicTepAi TaaKbplAayFa OaFbITTaAFAH.

Tyi1in ce3aep: paanaius, pagoH, suureHernka, MukpoPHK.
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B.E. KaceimoBa, O.B. byarakosa, P.V. bepcumobai
Espasutickuti nauuonaronoi ynusepcumem umenu /1.H. I'ymuresa, Acmana, Kasaxcman

DnureHeTndeckyre MOAMQPUKAIIN ¥ TpaHCTeHepalmoHHbIe 9¢(eKThl, BbI3BaHHbIe
VIOHU3UPYIOIIVM U3AydeHVeM

AnnoTamms. B mHacrosiee BpeMsi psAJ4 CTpaH MCCAeAYIOT pa3AMuMs B HKCIPECCUMU TeHOB,
BO3HMKAIOI[e B pesyabTaTe usMeHeHmit metmamposanusa AHK n Moamdmkamum cTpykTypsi
XpoMaTlHa B OTBeT Ha BHeIIIHMe pa3Apa’kuTeal, Takie Kak paauanys. Takke XOpOIIO M3BECTHO, YTO
MOHU3UpYIOIee M3AydeHNe BAMSAeT Ha pa3AudHble ITPOIecCchl B 0OOAY4eHHBIX KJAeTKaX, B 4aCTHOCTH,
BBI3BIBAET M3MEHEeHNs DKCIIPeCcCM TeHOB, MeTab0AMYeCKON aKTMBHOCTY MUTOXOHAPUIL, XPOMOCOMHYIO
HeCTabMABHOCTh, allONTO3 U ApyIVe M3MeHeHUs Ha MOJAeKyAspHOM yposHe. Touka 3peHmus o
TpaHCTeHepallMOHHOM XapaKTepe TeHOMHON HeCcTaOMABHOCTU IIpealloAaraeT BO3MOXKHOe ydacTue
SIUTIeHeTUYeCKUX MeXaHM3MOoB. KaszaxcTran MoOXKeT IoaBepraThCs BO3AEVICTBMIO Pa3AMYHBIX OITACHBIX
MaTepuaAoB, B TOM 4lcAe pajoHa, pajuoaKTUBHOTIO ra3a, KOTOPhIN eCTeCTBeHHBIM 00pa3oM oOpasyercst
B pe3yAbTaTe HeIIpsIMOIO pacliada ypaHa. Takke BaXKHO yKa3aTb, uTo Pecriydanka Kasaxcran cunraercs
AuAepoM 10 OOABIIMM 3aracaM YpaHOBBIX pyA. PagmoakTuBHOe 3arpssHeHMe CYMTAeTCSA Ba’KHBIM
MOMEHTOM, BAUSIONIMM KaK Ha OKPY>KalOIIyIO0 cpedy, TaK M Ha 340poBbe desoseka. [lo aaHHBIM
BcemupHoit opraHmMsanum 34paBoOXpaHeHNs, XPOHIYECKoe BO3JelCTBMe pajoHa M IIPOAYKTOB €ro
pacnaja sBAseTCS INPUYMHON HOMEp OAMH paka Aerkux y HeKypsmux. Bce BoiernepeuncaeHHble
(aKxThl 40Ka3BIBAIOT, UYTO AAUTEABHOE pajyallliOHHOe 3arpsi3HeHNe aTMoc(ephbl UMeeT IOCAACTBIS 445
340poBbs Hamu. [IpuHuMas Bo BHMMaHMe Ba’KHOCTh pajoHa Kak (paKTopa pMCKa paka AerKiX, B 9TOM
0o030pe OCHOBHOe BHIUMaHMe aBTOPHl YAEASIOT OOCY>XXAEHMIO BO3MOXHBIX  pajMalliOHHO-
VHAYIMPOBAHHbIX MI3MEHeHUIA.

Karouesbie caoBa: paguanis, padoH, sunureHernka, MmukpoPHK.
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A.B. Kyposckmin*, A.C. babeHko

Hayuonarvronl uccaedosamervckuii Tomcxuii zocydapcmeeniioii yruseepcumem, Tomcx, Poccus
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buoreoxmmmaeckas POABb AOXKAEBbIX qepBeﬁ B IIOYBEHHBIX 9KOCHUCTEeMax.
KPaTKa}I NCTOPpMSL I/[CCAeAOBaHI/Iﬁ " COBpeMeHHDbIe IIpeACTaBAeHVISL

AwmnoTanmst. [Tposeder: anaius poccuiickorl 1 MUposoi HAYUHOW AUMepamypul, NOCEALLeHHOL
U3YUEHUIO POAU D0KOeBLLX Uepseli 6 0102e0XUMUNECKUX U AZpOIKOAOZU eCKUX npoteccax. Kpamio
paccmompena  pempocnekmuea UCCAe006auti  1046000pasyoujux C60UCme OanHOoi Zpynmnbl
opaanusmos. B nacmosuiee eépems k nauboree SHAYUMBIM OUO2LOXUMUNECKUM ACTIEKMNAM
KusHedesmervHocmu 00X0e6blX Hepseil pasHbLIX U006 OMHOCAM CnocodHoCHb K NpodyKyuu
2panyA kapOoHama Karvuus U 0OUHOUHVIX KPUCMAAA0E Kaivuuma. Bedyuyyro porv 6 danrom
npouecce  uzparom  KaAvuuesvle keresvl  Joxkdesvix  uepeeil. Kapbonammvie zpanyavi,
npodyuupyemvie  00KO0eEOIMU  UepEAMU,  OOHAPYKUEAIOM  6APUAUUID  MOPPOAOZUUECKUX
xapaxmepucmux, 00ycA06AeHHYI0 Pod06OiL, 100601 U NONYASUUOHHOLL cneyuduurocmoto. Yepsu
poda Lumbricus npodyuyupytom Xopouio amemtvie, Kpynivle kapboHammvie pamyAvl, 6 mo
spems Kax 0oAvuuHcmeo 6udos Eisenia we npodyuupyrom zpanya 6000uie, sv10eAss 00uHOUHDIE
Kpucmarrvt karvyyuma. Kapoonamuuie zpanyivl, npodyuyupyemuvle 00XK0e6bIMU HePEsMU, MOZYM
0Ccmasamvcs 6 1o46e NPOOOAKUMEAbHOe 6peMs — 00 HECKOAbKUX 0ecsimkos Moulcsad Aem.
ITpodorxumervHocmb  CyuLecmeosanusl KapOOHAMHBIX ZPAHYA 6 Nouée 3AGUCUTT 0Nl YPOSHS
HACbILeHUs NOYGeHH020 pacmeopa karvyumom. Kapbonamivie zpamyrvl, npodyuupyembvie
00K0e6bIMU HePEIML, MO2YM COCHIABASMb 00 001020 NPOLEHINA O 3ANACOS 1OUEEHHO020 Y2Aepood,
nopA0Ka HeCKOALKUX NPOUEHIO08 OMl 3ANACO8 6AA06020 KAALLUSL U 0eCAMKU NPOUEHMos oM
0011420 KOAUYECHBA 00MEHH020 KAADLUS 6 nousax. BocnoAneue nougeH1ozo nyra yzaepoda u
KAALUUSL A6ASemCsl 6axHelutell 0102e0XxuMuteckol PyHKyueil 00xk0esolx uepéeil 6 mMacuimadbax
buocgeprr.

Kaiouesble caoBa: doxdesvie uepsu, 0102e0XUMUMECKUE YUKADL, NOUGEHHDIIL OAAAHC Y2Aepooa U
KAADY UL

DOI: 10.32523/2616-7034-2022-140-3-116-129

BBeaenue

OgHuUM "3 TepBBIX, KTO MpPeACTaBMA Ha CyJ IIMPOKON Hay4YHOIN OOIIEeCTBEHHOCTU TPYyA,
IIOCBSAIIEHHBI POAU AOKAEBBIX udepsell B Omocdepe, ObLA IaTpuapX COBPeMeHHON SBOAIOIVIOHHON
onoaornmu Yapaes dapsun. B 1881 r., koraa 40 cMepTu y4€HOTO OCTaBal0Ch MeHee rOAa, BBIXOAUT B CBET
ero mocaeaussa kumura «The Formation of vegetable mould through the action of worms, with
observations on their habits» [1], BrOcaeacTBuM BoOIleAmIast B COKPOBUIITHUITY HAayYHOTO 3HAHIIS
HoBelrero BpemeHn. Kuwmra Japsunaa sABmAach, IOXaAayl, II€PpBOM CEPbE3HONM  IIOIIBLITKON
BCECTOPOHHETO 1CCAEeAOBAHMS IIPOIIeCCOB, KOTOPHIE B JaAbHENIEM CTaAy ODO3HAaYaTh aHTAMIICKIIM
TepmnHOM «Bioturbation», To ecTp mepepa®oTKa MOYBB U pa3AO0KeHNe OPraHMIECKNX OCTATKOB
>KIUBBIMU OpraHuU3MaMu [2].

B mHauaze XX B. my0AMKyeTCs CTaThbs POCCUICKUX yIeHBIX ['eapoitria 1 AHIIaapAa, MOCBSIIEHHAS
XMMMYECK/M aclleKTaM >KM3HeAes I TeAbHOCTM KoAbdaThIX depsell B rmouse [3]. Ha nporsxennn scero 20-
ro CToAeTusl IpeACTaBUTEAM OTedeCTBEeHHON IIIKOABI II0YBOBeJEHUs U arpoOXMMMIU HeM3MeHHO
HaxXOAMANCH B aBaHTapJe CaMBIX COBPEMEHHBIX I aKTyaAbHBIX Ha TOT MOMEHT BpeMeHU JCCAe]0BaHuIt
pyHKIIMIT 1 pOAM 40KAEBBLIX UepBell B eCTeCTBeHHBIX DKOCUCTeMaX 1 arpOsKoCucTeMax.

HIupokmit Kpyr BOIIPOCOB, KacalOIIMXCsA ydacTusl AOKAEBBIX 4epBell B I1I0YBOOOpa3OBaHUM,
paccmatpusaica B Tpysax A.A. Cokoaosa [4], O.B. Uekanosckoit [5], I.®. Kypuesoit [6,7]. [Taogopoane
1 popMuUpOBaHNe CTPYKTYPhI A€CHBIX IT0OYB 1104 BAMSHIEM KI3HeAesTeAbHOCTU A0KAeBBIX YepBeil
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nsydgaaocb ILY. bBaxtunupim [8] m AV 3paxesckum [9,10]. Ilpobaemam BaAMsAHMS uepBell Ha
XMMHIYecKye CBOJCTBa IIOYB IIOCBsAIeHa MOHOrpadms AmnTosckoro ydénoro J1IO. Bamaraca [11].
OcHoBHas 11eab AaHHOTO 0030pa 3aKAloyadach B CHCTeMaTM3allyl COBPEMeHHBIX MNpeACTaBAeHUIl O
r1aBHBIX OMOTEOXMMMYIECKNX (PYHKIIVAX A0KAEBBIX YepBell B €CTeCTBEHHBIX I arPODKOCHCTEMaX.

AOXaeBble YepB! M yaydllleHNe arpopu3niecKx CBOCTB IOYB

B xonie ABaallaToro croaeTus IIOSABASeTCA Ppsa IyOAMKalMii, B KOTOPBIX Ha OCHOBE
COIIOCTaBA€HNs AaHHBIX U3 Pa3AMYHBIX HaIlpaBAeHMII OMOAOTMM, TeOAOTMM VM XUMUM, BBIABUTAETCS
KOHIIEMIMs T100aAbHOM DKOAOTMYECKON poAu AOXKAeBbIX uepsell. Paiinep XapTeHInTailH B cBOell
paborte 00001MA PyHAaMEHTaAbHbIe OMOTEXHOAOTMYeCKe 1 OMOTeOXMMITIecKie acleKThl M3yJeHs
BBeAEHHBIX B KyABTYPY U AMKMX IIOIYASLINMII yepBell. ABTOp 0coOO BblgeaseT HeKOTOpble KAIOUeBble
OCOOEHHOCT! DKOAOTUM U DKOAOTMIECKON (PU3MOAOTUH AOXKAEBBIX depBell, TaKue, KaK CIIOCOOHOCTh
3aceAsATh IOYBEHHbIE TOPM3OHTHI Ha IAyOMHaX OT HeCKOABKMX CAaHTMMETPOB A0 HEeCKOABKUX MEeTPOB,
cTeIleHb MUTpPAIMM M CIIOCOOHOCTM K MUTIpAIlMM MeXAy IOYBeHHBIMU ropusoHtamu [12]. B oToit xe
pabote obOpairiaercss BHUMaHNMe Ha TPY BaXKHBIX MOMeHTa: 1) Bepxuue 20-25 cM ITOYBEHHBIX TOPM30HTOB
B arpO®KOCKCTEMax MOIYT MOTeHIMaAbHO XOPOIIO HACBLIIATLECSA YIA€poAOM, O4HAKO B peaabHOCTU
IIOCTyILA€HMe OPraHMYecKoro yraepoga B IIOYBY, KakK IIpaBMAO, HEAOCTaTOYHO A4S BOCIIOAHEHMS
VICTOIIAIOIINMXCs 3aIlacoB; 2) HEeKOTOphle AO0XKJeBble YepBM MOIYT IPOHMKATh Ha IayOmHy Goaee 1-2
MEeTPOB OT IIOBEPXHOCTU IIOYBBI B YMEPEHHBIX I CeBePHBIX IIMpOTax (B apKTMYeCKUX 004acTsxX
BepMmudayHa OeJHasi, a IAyOMHBI >KM3HeAEATeABHOCTU uepBeil — HaMMeHBIINe), a B TPOIMYeCcKMX
004acTsAX CyIIecTBYIOT BUABI JOXKAEBBIX uepBeif, OOMTaOIMX Ha rayomHax mopsgka 10 m or
IIOBEPXHOCTM ITOYBHI; 3) ®PPeKTUBHO IOBBHIINIAOININE IIOYBEHHOe I11040poaue AOXKJeBble JepBu U3
YMEPeHHBIX LAY TPOINYECKNX PeTMOHOB MOTYT OBITh MHTPOAYLIMPOBAHbI ¥ Pa3MHOXKEHBI ITPaKTIIecKn
B AI1000M ApPYTOM pervioHe A5 yCKOPeHNUs peMeAnaliiy II04YB U YCKOpeHHON rymudukanym [12].

Cama o cebe Murparus J40XKAeBbIX YepBeil B IA1yOMHHbIe TOPU3OHTHI 0OAerdaeT repeMerrieHne
IINTaTeAbHBIX BeIleCcTB U AOCTaBKy UX B KOpHeoOMTaeMble TOpu3OHTHL. HyTpmenrsr wmoryr
BBICBOOOXKAAThCsA B ITOYBEHHBINI pacTBOp AMOO IyTeM SAMMMHAIIMM W3 KUIIeYHMKAa I KOXKHO-
MYCKYABHOTO MeIlIKa Jepseli, An00 IyTeM 00.JerdyeHHOTO CTOKa IO CHCTeMaM HOpP U APeHMPYIOIIX
IIOp, BO3HUKIIMX B Pe3yAbTaTe MUTPaLM YepBeli.

Poromue criocobHocTH Tak HasbiBaeMbIX anecic- 1 endogeic-Buaos uyepseir [13] mo3poasioT
IIpeACTaBUTeASAM STUX DKOAOTMYECKMX TIpynn »(P@PeKTUBHO JApPeHMpoBaTb U PHIXAUTL JaKe
Ype3BplYaliHO YILAOTHEHHbIe TPYHTHI [14]. KoamuecTBeHHYIO OIIeHKY BAMSHUS AOKAEBBIX YepBeil Ha
YILAOTHEHHYIO TIOYBY MO>KHO ITOAYYUTh B TaK Ha3blBaeMBbIX KOAOHOYHBIX DKCIlepuMeHTax. Peus naét 0o
OmbITaX, B KOTOPBIX AAsd COAEp>KaHMS 4YepBeil MUCIOAb3YIOTCS OCOOBIe COCYyABbl OTHOCUTEABHO
HeOOABIIIOTO AMaMeTpa, HO OOABIION BBICOTHI - IIOPsiAKa OAHOTO MeTpa U 0Ooaee. DTU COCyAbl U
Ha3bIBAIOTCsl KOAOHHaMM (IO aHAAOTMIU C KOJAOHKaMU Aas xpomatorpapum). OHU 3arlOAHSIOTCS
cyOcTpaToM, HampuMmep, I'PYHTOM TOTO MAM MHOTO COCTaBa U OIIpeJeAE€HHON CTeleHU YILAOTHeHU.
brrao noxasano, uto yepsu Buga Lumbricus terrestris 004a4aioT CpaBHUTEABHO XOPOIIIeli CIIOCOOHOCTBIO
3apBIBaThCsl B MICKYCCTBEHHO YILAOTHEHHBIN IIOYBO-TPYHT. ODKCIIEPUMEHTaAbHbIE II0AXOAbI, KOTOpPBIE
BKAIOYAIOT B ceDsa KOoMOMHauMio MOp(POAOTMYECKMX M arpopU3MyecKuX U3MepeHMil, II03BOASIOT
IIpOaHaAMU3MPOBaTh IPUUMHHO-CAeACTBeHHbIE CBA3YM MeXKAY aKTMBHOCTBIO BepMuQayHbl U U3MeHeHIeM
PUBMKO-XMMUYECKMX CBOVICTB M CTPYKTyphbl II04B. B wacrHOCTHM, Oblaa ycTaHOBA€Ha 3HauMMas
KOppeAAlus MeXAy POIOIIMMMU CIIOCOOHOCTSIMU M TAyOuHOM Murpanuu Lumbricus terrestris ¢ ogHoi
CTOPOHBI, ¥ KOMIIA€KCOM arpopuandeckux IoKasaTelell, TaKUX KakK IigpaBandecKasl IIPOBOAUMOCTD,
BAa>KHOCTb, MeXaHM4eckas CTpyKTypa, Au(@ysus pacTBOPEHHBIX COJAell B TAyOMHY ITOYBEHHBIX
TOPM30OHTOB — C Apyroi [14].

B psige paboTr mokaszaHO, UTO >KM3HeAESATeAbHOCTh AOXKAEBBIX depBell oOeclieunBaeT JOBOABHO
3HauMTeAbHOE yAydllleHle MUHepaAbHOIO IMTaHus pactenuit [15,16]. Dro yayuieHmne gocruraercs B
pesyabTarte AeMICTBIS CA€AYIOIIX OCHOBHBIX (PAaKTOPOB:
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e yJacTtue 9epsell B GOpMUPOBaHUM U TpaHCPOPMAaIIU ITOYBEHHON CTPYKTYPHI;

® YCKOp€eHIe ITPOIIeccoB T'yMUQPUKAIINN 3a CIET 400aBAEHNS B TIOYBY KOIIPOANTOB;

® CyIIIeCTBeHHOE BAVISHIE XU3HeAesTeAbHOCTU AO0XKAeBBIX YepBeil Ha OMOreoXMMMIYecKye ITUKADI
(B TOM u1ICA€, COOTHOIIIEHNE AeTKO- U TPYAHOAOCTYIIHBIX AAs pacTeHmit popm) asora, Ppocdopa, Kaans,
KaAbLs, APYTUX MaKpO- ¥ MUKPOD1€MeHTOB MIHepaAbHOTO INTaHNs PacTeHuii;

e MoAMpUKAIMA TIOYBEHHON MMKPOOMOTHL, I, TaKUM OOpa3oM, M3MeHeHUe COBOKYITHOI
depMeHTaTMBHON aKTUBHOCTM, yBeAndYeHue Iyla (PepMeHTOB U APYIUMX OMOAOTMYEeCKM aKTVMBHBIX
BeIIIeCTB B KOPHeOOMTaeMbIX TOPM3OHTaX IMOYBLL. DTO TaK>Ke MO>KeT ITOBBIIIATh AOCTYITHOCTh D1€MeHTOB
MMHepaAbHOTO NUTaHNs PacTeHUII U YCKOPSTh pa3dAo>KeHne opraHukm 15].

Takum o00pa3oM, AONOAHUTEAbHBIE DAEMEHTHl MMIHEpPaAbHOTO INMTaHMUs PacTeHUII MOTIYT
IIOCTYIIaTh B IPMKOPHEBYIO 30HY KaK B pe3dyabTaTe (PM3MOAOTMIEeCKUX ITPOIIeCCOB, MPOTEKAIOIIX B
JKeAyA0YHO-KUIIIeYHOM TpaKTe yepsell (0Opa3oBaHie KOIIPOAUTOB), TaK U IIOCPeACTBOM MeXaHNYeCKOTO
IepeMellleHNs] 4epBAMM 4YacTUI] BelllecTBa OT IIOBEPXHOCTM B TIAyOb IIOYBEHHBIX TOPM30HTOB. B
HacTosIIIiee BpeMsl JOXK/AeBble YepBU OTHOCAT K OpraHM3MaM, BHOCAIIUM OOABIIION BKAaJ B ITPOIIECCHI
rymudukanum s rmoysax. OueHb BasKHO Tak>Ke U TO, UTO AOITYyCKaIOTCsA IIpaKTUYecKye ¥ TeopeTudecKue
BO3MOKHOCTU 9(PPEeKTUBHOTO MHTPOAYIIMPOBaHN OMOreOXMMMIECK aKTUBHBIX BIUJAOB YepBell U3
TPOIMKOB U CYyOTPOIMKOB B AIOObIe ApyIue PervoHbl C I1eAbIO IOBBIIIeHNs KayecTBa M YCKOPeHI:
IIPOIIeCcoB ryMuQUKaImy, B TOM 4lcAe C MCII0Ab30BaHIeM BepMIKYAbTYyp [12].

Bausinme A0XAeBbIX YepBeii Ha OMOreOXMMmMYecKye IKAbI Kaabliysl ¥ yraepojaa

K nmepcrnexTuBHBIM HaIlpaBAeHUAM DKOA0TO-OMOreOXMMIYeCKMX MCCAeAOBaHMI MOXKHO OTHeCTU
JCIIOAb30BaHMe CAeA0B >KM3HeAesATeAbHOCTUM JOXKAEBBIX depBell B KadecTBe CTpaTUrpadpuuecKmx
mapkepos. CoraacHo ganusiM M.G. Canti [17], B cTrpaTurpaduyaeckoii 11a1e0HTOAOTUM K CYIIIeCTBeHHBIM
apredakTaM, BOSHMKIINM B pe3yabTaTe AesATeAbHOCTY 4epBell, MOXXHO OTHEeCTH TaKue sBAeHNs:, KaK
HaXOX/JeHMe B TAyOMHHBIX ITOYBEHHBIX T'OPM30HTaX CeMsIH pacTeHMI, JacTUIl IOpPOABI C BepPXHUX
IIOYBEHHBIX TOPM30HTOB, IlepeMellleHre OTAeAbHBIX DAeMeHTOB KyAbTYPHBIX cA0€B. B apyrux paborax
9TOTO Xe aBTopa [18,19] caeaaH akileHT Ha MCCA€AO0BAaHMUM Ba>KHBIX B I100aAbHOM OMOTEOXMMIYECKOM
acriekTe CAeJ]0B JKM3HeAesATeAbHOCTU AOXKAEBBIX uepBeil — IPOAYLIMPYeMBIX MMM I'paHya KapOoHaTa
kaaprys. D.C. Lambkin ¢ coasropamm [20] ykasbIBalOT, 9YTO B COCTaBe KOIIPOAMTOB OOABIINHCTBA BIAOB
AOK/EBBhIX YepBell coJep>KaTcs IpaHyAbl KapOOHaTa KaAblNs, pasMep STUX I'paHya MOXKeT JOCTUTaTh
A0 ABYX MM B JuaMeTpe, a UX HaaAnume QUKCUPYeTCs B IIOYBaX YeTBEPTUYHOIO Ilepuoja U
apXeoA0TMIecKMX pacKoIlKax pa3HbIX 9110X. KaapIuTossle rpaHyAbl, OTKAaAbIBaeMble Pa3HBIMU BUAaMU
AO>KAEBBIX uepBell, BCTpedyaloTcs B II04Bax IoBceMecTHO [21]. Brlam mpousseseHbl pacd€Tsl, COIAacHO
KOTOPBIM >KM3HeAeATeAbHOCTh AO0XKAEBBIX yepBell MoxkeT IpuBHOCUTBL 40 11 moaeir CaCOs na 1 ra
AecHOU 1O4YBHI B ro4 [22]. Buapr Lumbricus (L. terrestris m L. rubellus) xapakTepu3yIOTCs BBICOKOIA
CKOPOCTBIO IIPOAYKIIMHU TpaHyA KapOoHnata Kaabpums [18]. Macca rpaHya, mpoAynupyeMBbIX pasHbIMU
BUAaMM 4yepBeli, OOUTAIONMMM B IIOYBaX OAHOTO M TOTO >Ke THulla, 3HaYMTeAbHO BapbupyerT. B 1eaom,
®TO BapbUpOBaHNE HOCUT BHYTPUBUAOBONM, MEXBUAOBOM M MEXIIONYAsSLMOHHBI Xxapakrep [20].
Hecmorpsas Ha TO, uTO rpaHyabl KapOoOHaTa KaAbLMs, HPOAyLMpyeMble JAOXKAEBBIMU 4YepBsiMU,
peryAsspHO OOHapy>KMBAIOTCSl B IIOYBEHHBIX ITPOPUASX, 40 CUX IIOP MaAO YTO M3BECTHO O KOHKPETHBIX
MexaHM3MaX UX 00pasosaHus U TpaHCpOPMaIUM B AMHAMIUKe CyIIIeCTBOBaHMs B ITOuYBe. /451 BbICHeHMS
OTUX U APYTUX BOIIPOCOB ObIAM IIPOBEAEHBI DKCIIEPMMEHTHI Ha YMCTBIX KyAbTypaxX HeKOTOPBIX BUAOB C
JCIIOAb30BaHMEM MCKYCCTBEHHBIX II0YB, IIPM 9TOM OTKJAajblBaeMble uYepBsAMU TIpaHyaAbl KapOoHarta
KaAbplus AAsl TIOCAEAYIOIIero AabopaTOPHOIO M3ydeHMs U3BAE€KaAMCh U3 IPYHTOB M MCCAE€A0BAANCDH
MeTOAaMI CKaHUPYIOLIell 9AeKTPOHHOM MuKpockonuu [18]. Bece mcroab3oBaHHbBIe B OIBITax BUABI
Lumbricus, Aporrectodea, Octolasion u Allolobophora mpoayniupoBaayu KapOOHaTHbIe IPaHyABl pasMepoM
6oaee 0,125 MM, a ocobu Eisenia hortensis — rpaHyAbl 3Ha4UTeABHO MeHBIIETo pasMepa. /451 cpaBHeHUs
TakKe KyAbTUBUPOBAAU JBa TeXHOAOIMYECKUX BMAA KOMIIOCTHBIX uepseil poga Eisenia. DTu BUABI
BOOOIIIe He 4aAM IpaHy4, YTO II03B0ANA0 aBTOpaM pabOThI ITPeAII0A0KUTE, YTO pog Eisenia
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MpaKTU4IecK! He IIPOMU3BOAUT I'paHyl, YTO COrAacyeTcs C OTCYTCTBMEM Yy ero IpeJAcTaBuTeAell pa3BUTBIX
KaAbIIMeBhIX Keaé3. B 1leaom kapOoHaTHbIe I'paHyAbl, M3BJA€4YeHHbIe 13 DKCIIEPMMEHTAABHBIX CpeJ
oOuTaHMs 7 BUAOB YepBeli, MMeIOT CyIIeCTBEHHO pa3ANdalolyecs pasMepsl 1 MOp¢dOA0THIO, HaulHas
OT OAVHOYHBIX KPMCTaAA0B KaAbIITa A0 arperaTos, AO0CTUramomux 2,5 MM B Anametpe [18].

BosMOxHYIO CBsI3b MeXAy coAep>KaHMeM KaAblIMeBbIX COeAVHeHUII B II0YBe M MHTEHCHBHOCTBIO
MPOAYKIMY KapOOHATHBIX TPaHyA AOXKAEBBIMU YepPBSIMI IIBITAANCh M3ydaTh eIllé B Hauale ABaAllaTOro
croaetusi. Jannsie PoGeprcona [23] yka3bBalOT Ha OTCYTCTBM€E CTaTHMCTUYECK! 3HAUMMOI KOPppeAsIium
MeXAy KOAMIeCTBOM ITPOAYIIMPYEeMBIX IpaHya 0co0siMu L. terrestris ¢ 0AHOI CTOPOHBI, U COAep KaHIeM
Ba/0BOTO 11 OOMEHHOTO KaAbIus — ¢ ApyToil. B To >xe Bpems1 B pabote [24] ykaspiBaeTcsI Ha yBeAdeHe
CKOPOCTM TIpOAYIIMpOBaHuUs IpaHyA 4depssiMu L. Rubellus Ha 1mouBax C IOBBIIIEHHBIM COAep KaHNEM
uspecti. B mMccaesoBaHMsIX OCA@AHMX A€T BbICKa3blBaeTCs IPeAlOA0XKeHNe O TOM, YTO Ba>KHeMIIIUM
(dakTOpOM, OIpeseasIOmMNM CKOPOCTh 0Opa3oBaHII KapOOHATHBIX I'paHya, sBAseTcs BeamdnHa pH
TOYBEHHOTO pacTBOpa, a He coJep’KaHue KaablMs B IIOYBe, KaK CUMTaaoch panee [25]. M3 psaaa
nccAe40BaHHBIX (PUBUKO-XMMIYECKMX ITapaMeTpOB MOAeABHBIX 1T0uB (pH, cogepskaHne opraHI4deckoro
BellecTBa, BOAOYAep KMBaloIias ClIOCOOHOCTD, KaTMOHOOOMEeHHasl ClIOCOOHOCTD, cogep>KaHue OOMeHHBIX
KaTMOHOB U Ap.) Toapko pH 3sHaummo BamsAa Ha rpanyabl. IIpm TOM CKOpOCTh 0Opa3oBaHMs
KapOOHAaTHBIX TpaHy4, HPOAYIIMPYeMBIX JOXKAEBBIMU 4epBAMH, BoO3pacTada IIPOMNOPIIOHAABHO
yBeandeHnio 3HadeHnii pH moussr [25]. B mousax cO IIeA0YHONM peaknyeln cpeabl AMHaMUYecKoe
paBHOBecHe MeXAy ITpolleccaMyl pacTBOpeHMs 1 00pa3oBaHIsl IpaHyA KapOoHaTa KaAblys CABMHYTO B
CTOpPOHY OOpa3oBaHIs I'paHyA U yBeAdeHns X Hauboaee KpyHbIX ¢ppakmuii [20, 24, 26].

B HacrosIee BpeMsl He BBI3BIBA€T COMHEHNs TOT (PaKT, YTO BblAeAeHNe TIpaHya KapOoHaTa
KaAbpIus obecrieunBaeTcsl (PYHKIIMOHMPOBaHIEM KaAbITMEBBIX JKeAé3 A0KAeBhIX dyepsell [27]. B To ke
BpeMs MexaHM3MBI DTOTO Ipoljecca Ha AaHHBINI MOMEHT JeTaAbHO ellle He M3ydeHbl. Ony0AMKOBaHBI
paboThl, B KOTOPBIX OBIAM HPeANPUHATHI HOIBITKM (PEHOMEHOAOIMYecKOro OIMcaHus oOpa3oBaHIU
KapOOHATHBIX TpaHya uepBsiMmu [22, 24, 26, 28]. B cBA3M c MexaHMYecKMM paspylleHUeM TIpaHyAa
KapOoHaTa Kaablus (a Tak’Ke apxeoA0rMyecKux oOpasIioB), M3BAeKaeMbIX U3 ITOYBEHHBIX TOPM30HTOB,
UX cOCTaB MMeeT OoabIoe (pakiMoHHOe pasHooOpasme [18, 20, 29]. DTo co3jaeT cylecTBeHHBIE
MeToAMYecKre TPYyAHOCTM HOpu  MOpQOAOIMYECKOM OIMCaHMM KapOOHaTHBIX OOpa3OBaHMIA.
3HaunMTeAbHasl YacThb KapOOHATHBIX BBIAEAEHMII JAOXKAEBBIX depBeil IpeAcTaBAseT CcOOOI IPOCThIe
OAMHOYHBIe KpMCTaAAbl KaaplnuTa AnamerpoM Menee 0,1 mM. Viaentuduinuposars 1 nccaeAoBaTh UX C
IIOMOIIBIO ONTUYECKUX MUKPOCKOIIOB He IpeAcTaBAseTcsl BO3MOXHBIM. OgHako, coraacHo M.G. Canti u
T.G. Piearce [18], 9Tu Kpucraaapl MOXHO A0CTaTOYHO D(PPeKTUBHO HAOAIOAATh U M3YydaThb, UCIIOAB3Ys
TeXHUKY CKaHMUPYIOIIell ®AeKTpPOHHOM MuKpockonun. OgHa 13 COBpPeMEeHHBIX IUIIOTe3 CBS3bIBaeT
pasMepel KapOOHATHBIX TIpaHy4, HIPOAYLMPYEMBIX JAOXKAEBBIMU YEpBAMHU, CO CTEIIeHBIO pPa3BUTILL
cnennprueckux (4451 AOKAEBBIX 4YepBell) aHAaTOMO-(PU3MOAOIMIECKNMX OOpa3OBaHMII — KaAbIIVIEBBIX
>keae3. B cBoio ouepean, Mopdoaormueckne XapaKTEPUCTUKU KaAbLVMEBBIX Kele3 IPUMEHSIOTCS B
TaKCOHOMNI 9HTOM TPYIIB OpraHm3MoB. JIcxoast m3  »Toro, Mopdgoaormdeckne IapaMeTpsl
KapOOHATHBIX I'PaHy4, IPOAYLIUPYEMBIX J0XKAEBBIMI YePBAMY, UCIIOAB3YIOTCSI HEKOTOPBIMIL aBTOpaMu
B COBOKYITHOCTY TAKCOHOMMYECKIX KAIO4eli, HeOOXOAUMBIX 4451 BIA0BOTO onpegeaenns [30].

BaskHO OTMeTNTB, YTO OTHOCUTEABHO MHOTUX BUAOB Eisenia (1 HeKOTOpEIX BUAOB Dendrobaena)
IIOAOKeHNe O IIOAHOM OTCYTCTBUM Ka/AbIVIEBBIX >KeA€3 (KOTOpOe MOXKHO BCTPETUTh B HEKOTOPBIX
MUCTOYHMKAX) ommmnoogHo. CaeayeT TOBOPUTh AUIIL O TOM, YTO KaAbllVieBble >KeAe3bl y STUX BUAOB
Pa3BUTH 3HAUNTEABHO cAalee U MMEIOT OTAMYHYIO (OT poga Lumbricus, HampuMep) aHATOMIYIECKYIO
CTpyKTypy. B mmmeBapureasHoMm Tpakre ocoOeit Eisenia m Dendrobaena xaabLmii BHIAEASETCSI B BUAE
OAVHOYHBIX MUKPOKPHCTaAA0s c AmamerpoMm 1-10 mxm. HambBoaee seposTHOV (Prsmoaormieckon
dyHKIMElT JaHHOTO ITpoIiecca SIBASETCS HeMTpaAu3aliuisl ITOBBIIIIEHHOV KMCAOTHOCTYU 3arlaThIBaeMBIX
4yepBsAMM NUIIEBBIX cyOcTpaToB [18]. Onmpasch Ha AaHHbIe COOCTBEHHBIX MCCA€AOBAHMUI, MBI MOXKeM
CKasaTh, 4TO uepBm Eisenia fetida, c 0AHOV CTOPOHEI, A€MOHCTPUPYIOT OIlpeAeA€HHbIe (PU3N0AOTIIeCKIe
TpeOOBaHIsI ITO OTHOIIIEHNIO K (pOpMe 1 KOAMYEeCTBY KaAbIUs B cCpede OOUTaHMA, a C APYTOI — MOTYT
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3HaUMTeABHO TIOBBIINIATh COAEp>KaHMe KaAblIMEeBBIX COeAVHeHMII B IIOYBaX M TIPyHTax B Xo4e
AabOpaTOPHBIX HKCIIEPUMEHTOB 0 NepepaboTKe OMNaBIIMX AMCTheB ApeBecHbIX pactenmit [31, 32, 33].
[Ipu 5TOM BepMMKOMIIOCT, IIOAYYeHHBII 13 ONaBIINX AVUCTbeB APeBeCHBIX pacTeHMIl, XapaKTepu3yeTcs
caabomes09HbIM  3HaueHmeM — pH,  BBICOKMMM  BeAMYMHAMM  OTHOIIEHMUs  COAep >KaHILA
BOAOPACTBOPMMOTIO KaAbIMs K COAepPKaHUIO BOAOPACTBOPUMOIO Kaaus. DTO MOXKeT MOAOXUTeAbHO
IOBAMATEH Ha OaaaHC KapOOHATHBIX TPaHyA B IIOYBaX M IPyHTaX, B KOTOPbIe TaKOM BepMIUKOMIIOCT OyAeT
A00aBaAThCA. Hapsay ¢ OmoreoxmMmuecknmn sgdexramMmm goOaBaeHNe BEPMMUKOMIIOCTa Ha OCHOBe
APeBeCcHOTO AMCTOBOTO Ollaja B Cpeabl KyAbTUBUPOBaHNUA pacTeHUII HPUBOAUT K OIpeAeAEéHHBIM
$uU3NoA0TMIeCKUM OTBETHBIM peakIUsAM pacTeHuil. DTU peakUMy peaau3yIOTCs ITOBBIIIIEHHON
KOHIIEHTpalyell JMOHOB KaAbplus B KOpHeoOMTaeMOl 30He. B wacTHOCTH, MOXKeT HaDAIOAaThCs
MHTeHCUPUKaIM KOpHeoOpa3oBaHIsI, 9YTO MOXKET (B psde cAydaeB) pacCMaTpMUBaThCA KaK aJallTUBHBIN
OTBeT Ha 11eAblil ps4 He0AaronpUATHBIX M3MeHeHNI TapaMeTpoB cpeas! [33].

AHaau3upys CKOPOCTh HPOAYKIIMM KapOOHaTHBIX TI'paHyA B DKCIlepuMeHTax Ha L. terrestris,
Lambkin [20] moayuna cpegnee 3HaueHme TOTO 1HokasaTeas Ha yposHe 8x10-° mmoanr CaCOs/cyrku. B
pabore Canti [34] mpeacTaBaeHbI 3HaueHNUs Ha MOPsAAOK Ooapie — okoao 0,02 Mmoas/cyTku. Briones ¢
coapropamu [35] yKasbIBaIOT Ha TO, YTO ONTMMAABHOM IIA0THOCTBIO HOIIyASLIMM Ha II0YBaX C KMUCABIM I
HelTpaAbHBIM 3HaueHneM pH aas gepseii L. terrestris apaserca 10-20 B3pocapix ocoOelt Ha KBaApaTHBIN
Merp. CpeaHeroaosoil  HpUPOCT KapOOHATHBIX TIpaHyl, BBIUNMCAEHHBII HAa  OCHOBAaHUM
BBILIIEITPUBEAEHHBIX JaHHBIX, BeIpakaeTcs 3HaueHneM mopsigka 450 moas CaCOs/raxrog [20]. CoraacHo
Melillo ¢ coasTopamn [36], rogoBas IpoAyKIINs yraepoga B pedyabTaTe (POTOCUHTE3a B KAUMMATIIECKIX
30HaX, OXBaTBIBAIOIINX apeaa oOurtaHus L. terrestris, cocraBaser ot 60 000 g0 888 333 moap C/raxroa. B
CBS3U C HTUM OOpa3oBaHIe KapOOHATHBIX I'PaHyA AOXKAEBBIMU UePBSIMM CAeAyeT pacCMaTpMBaTh Kak
He3HauUMTeABbHBIN (IIOpsigka O4HOIO IIPOLIeHTa), HO BIIOAHe peaAbHBII BKAaJ B o001
O110TEeOXMMIIECKIII ITUKA YIAepoAa.

JaHHble 1104eBbIX nccaedosanuil [19, 37] n maremaTndeckoe MoAeANpPOBaHNe TOKa3bIBAIOT, YTO
IIpU OIIpeAeAE€HHBIX YCAOBVSIX KapOOHATHBIE TPaHyABl, IPOAYLVIpyeMble A0XKAEBBIMU UEPBIMI, MOTYT
CyILIeCTBOBAThb B IIOYBe OYeHb IPOJOAKUTEABHOe BpeMsl — A0 HeCKOABKIX AeCSATKOB ThIcId AeT [38].
CoxpaHHOCTh KapOOHATHBIX I'PaHyA B IIOYBE 3aBUCUT OT CTEIEeHN HACBHIIIEHNUs ITOYBEHHOIO pacTBOpa
KaApIUTOM. BeaAmumHa ®TOro HacCbIIIeHM:s, B CBOIO oOuepeapb, OIpeAeAseTcsl ABYMs OCHOBHBIMU
napamMerpamu: pH 1 noHHOI cnaoit mouseHHoro pactsopa [20, 38]. B 11ieaom B mmousax A1000r0 THIIA C
TedeHeM BpeMeHN OyaeT Ha0AI04aTbCA OAVMH M TOT >Ke IIPOIecc: HEYKJAOHHOe 3aKICAeHUe U
pactsopenne xapooHatos [39]. Ho ropasgo OnicTpee »TO OyJeT IpOMCXOAUTL B arposKocucreMax B
YCAOBUSIX HEpalMOHAABHON DKCILAyaTally II0YB IIpY He40CTaTOYHOM YpOBHe peMeAMalniy, UAN, TeM
6o1ee, IpY IOAHOM OTCYTCTBUY TaKOBOIAL.

B psaase pabGor mnpeacTaBaeHBI pe3yAbTaThl MCCA€AOBaHMII, HallpaBAeHHBIX Ha aHaAu3
B3aIMOJEIICTBMSI KapOOHATHBIX TIpaHy4, IPOAYLMPYEeMBIX AOXKAEBBIMU 4YepBsIMM C MakKpo- U
MUKpO®JeMeHTaMll MIHEpaAbHOIO MHUTaHMSA pacTeHUli, a TakKke C APYyIMMMU XUMMWYECKMMMU
DAeMeHTaMI U coeAMHeHMsIMM. B dacTHOCTH, IIpMBOAATCA AaHHBIE O MOAMMUKAIMU ITOYBEHHOTO
oOMeHa CTpOHIMs (KaK OAHOTIO M3 CaMBIX OAM3KMX XMMMYECKMX aHaAoros Kaabums) [40], a Takke
ceuHIa [41] u nuuka [40] 1moa Bo3AeiicTBueM KapOOHATHBIX TpaHyA. B 11e40M BO3MOXKHOCTD A0KAE€BBIX
yepBell OKa3blBaTh BAMSIHIE Ha OOMEeH ITOYBEHHOTO KaAbIIMs M APYTUX DA€MEHTOB 3aBMCUT OT TUIIa U
XMMIYEeCKOIo cocCTaBa HepepabaTbiBaeMbIX CcyOcTpaToB. Bosppalnasch K y>ke YIIOMSHYTOMY B AaHHOM
0030pe ApeBeCHOMY AMCTOBOMY OIlaldy Kak CyOcTpaTy IlepepaOOTKI AOXKAEBBIMU 4epBsIMU, CAeayeT
OTMETUTDb, YTO HeMaAylo poAb MOXKeT UIpaTh BUAOBas IIPUHAAAEKHOCTb PacTeHUI, AMCTbS KOTOPBIX
roejaiorcsa 4depsamu. Hampumep, HambGoaee BBICOKUIT ypOBeHb HaKOILA€HUs BOAOPaCTBOPUMOIO
KaAblMsl B BEpPMUKOMIIOCTaX (PUKCHPOBAACSI HaMU IpuU AabopaTopHOI nepepaboTke uepssimu Eisenia
fetida TOIOAMHOTO AMCTOBOIO OMaJa, B TO BpeMsI KaK B BEPMIKOMIIOCTe, II0Ay4eHHOM ITpy repepadboTKe
MBOBOTO OIlaja, mpeodaadaa Kaauii [42, 43].
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3akao4deHue

Takum 0Opa3oM, HpPOBeAEHHLIN aHaANM3 AUTEPaTyPHBIX MCTOYHMKOB IIOKas3ad, YTO AOXKAeBble
JepBM MpUHaJJeXaT K TPyIIle OCHOBHBIX IIOYBO-TPaHC(POPMUPYIOMIUX U ITOYBO-(POPMUPYIOIIMX
OpPraHM3MOB M areHTOB IyMmMQUKAIMM IO0YB B Tra00aAbHOM Macmrtabe. boraras sepmmudayHa B
TpoIMKax oOecIiednBaeT ApeHMpOBaHMe U OBICTpOe BOCCTAaHOB/AEHMe I1I0YB, B TOM 4lCAe B yCAOBMSX
VMHTEHCMBHONM arpapHoOii ®Kcrayatanun. OnTtuMumsalnus MUHEPaAbHOTO IIMTaHMSI pPacTeHUil B
pesyAabTaTe KM3HeAeATeAbHOCTH AO0XKAEBBIX YepBell 00ycA0BAeHa ODJAedeHNeM MUIpaluy MakKpo- U
MMKPODAEMEeHTOB MIHEpPaAbHOTO IMNMTaHMs OT IOBEPXHOCTU IIOYBBI B 0OJee rayOOKue, B TOM 4ucae
KOpHeoOuTaeMble, TOPU30HTHI.

Kaapimesrle koHKpenmu B BuAe KapOOHATHBIX I'PaHyA U OTAeAbHble KaAbLIMTOBBIE KPUCTaAAbI,
BO3HMKAIOIUe B pe3yabTare >KU3HeAeATeAbHOCTU JOXKAEBBIX uepBeil, MOIYT paccMaTpuUBaThCsA B
KayecTBe Ba’KHOTO KOMIIOHEHTa OMOTeOXMMMYEeCKMX IMKAOB, IIpeXXJe BCero IMKAOB yraepoja u
Kaaplus [44, 45]. ITpousseaéHHrle yepBsMM KapOOHaTHBIE TPaHyAbl M KPUCTAAAbl KaAbLIUTa MOTYT
COCTaBAATDH 4O OAHOTO IIPOLIeHTa OT 3aI1acoB IIOYBEHHOIO yIAepoaa, IopsAKa HeCKOABKIX ITPOIIeHTOB OT
3artacoB BaAOBOTO KaAbIUsA M AECSATKU IIPOIIEHTOB OT OOIero KoAmudecTBa OOMEHHOTO KaAbIUs B
rouysax. TakuM oOpa3oM, BOCIIO/AHEHIe IIOYBEHHOTO ITyAa yIlepoJa (B MeHbIIIell CTelIeHN) U1 KaAbLs (B
OoabIlell CTenleHM) sIBASETCA Ba’KHENIell OmoreoxXmMmdeckoil QyHKIMeN JAOXKAEBBIX YepBell B
Macmrabax Bcelt Omocdeprl. Dra PyHKIMA DPPEKTUBHO peaansyercsl B eCTeCTBeHHBIX YCAOBUAX B
TPONMYECKMX M CyOTPOIMYECKMX 00AacTsX, HO B CeBePHBIX INMMPOTaX CyIIeCTBEHHO ocaabeBaeT BBUAY
yMeHbIIIeHNs1 YICAeHHOCTM 1M pa3HOOOpasus IouseHHON BepMudayHel. Ho B Takmx permonax Mo>KHO
BOCITPOM3BOAUTL ~ OMOT€OXMMUYECKYIO — AesTeAbHOCTh  JOXKAEBBIX 4YepBeil B  MCKYCCTBEHHBIX,
TeXHOAOTUMYECKMX cucremax. Ilpm 9TOM HeEOOXOAMMO IOAAEpKMBaTh U BOCIHPOM3BOAUTH
BepPMUKYABTYPY TeXHOAOTMYECKMX BUAOB (TaKuXx Kak Eisenia fetida).

3aBepmiasi 0030p, cuyMTaeM HEOOXOAMMBIM OCTaHOBUTLCSA Ha BO3MOJKHONM IPaKTUYECKON
3HaYMMOCTM IHIPOBEAEHHBIX MCCAeaoBaHUIl. /Jerpaganms IIOYBEHHOTO IIOKpOBa B arposKoCucTeMax
OTHOCUTCS K uMcAy HamboJee OCTPBIX TI100aAbHBIX IIpoOJeM dYeaoBedecTBa. B mogapasionem
00ABIIMHCTBE CTpaH MMpa YyKe He O0CTaloCh IIaXOTHBIX CeAbXO3yTOAMII, KOTOphle Obl He
DKCIIAyaTUPOBAAVCh B TeUEHMe CTOACTUI U AaKe ThicsaueaeTnii. [lousenHas aerpaganms BelpaskaeTcs B
HEeCKOABKMX BaKHBIX ITpolleccax, Cpeay KOTOPhIX HeOOXOAMMO BBIAEAUTD TaKMe, KaK JMCTOIeHNe I1yAa
DAE€MEHTOB MMHepPaAbHOIO NUTAHU: PacTeHuUil, HapylleH/e MeXaHMYeCKON CTPYKTYypBl IIOYB UM MX
HeyKAOHHOe 3akucaeHne. IlocaesHee cBsizaHO C pasAMuMAMM B IIOTAOIIEHUM DAEMEHTOB IIMTaHMS
pacTeHMsIMM U APYTUMM  PUBMKO-XMMMYECKMMM MporeccamMu. TpaaMIIMOHHBIE TIOAXOABI K
pemMeAuany IOYB BKAIOYAIOT B ceOs BHeCEeHME arpOXMMUKATOB M MeAMOPAHTOB, TaKMX KakK M3BeCTh,
AoaomuTosas Myka, pocoputsl, nepant u T.4. Ho B mocaesnee spemsi B KadecTBe MHepCIIeKTUBHOIO
HaIpaBAeH)s B aTpOHOMMY, arpOXMMUM U arPOPKOAOIMHU paccMaTpuBaeTcs IpuMeHeHre O1oya00peHnii
Pa3sHOI PUPOABI A5 YAYUIIIeHNs CBOVICTB ITOYB I TIOBBIIIEHNS Pe3UCTEHTHOCT PacTeHNIt K pa3HOTo poja
crpeccam u 0Ooaesnsam [46-50]. Kpome Toro, yseamumsaeTcs 4045 MCIIOAb30BaHUSA ITPUPOAHBIX
cyOcTpaToB (BKAIOYasi HEKOTOPbIE BMABI OTXOA0B) B KayecTBe arpOXMMMKATOB ¥ MeAnopaHToB. OgHUM
U3 TaKUX CyOCTpaTOB sBAsETCA APEBeCHBIN AMCTOBOM OIlaj, KOTOPHIM B YMEPEHHBIX HINPOTaX Ce30HHO
oOpasyercs B Ooapmux Koamdectsax. Omnasiime AUCTbA JepeBbeB cogepkaT B ceOe 3HauMTeAbHOE
KOAMYECTBO MaKpPO1e€MeHTOB MMHepPaAbHOIO IIUTaHUsA, Cpeaut KOTOPhIX, KaK MpaBuAO, IIpeobaajaer
kaapiuit. OgHaKo peyTUAM3aIus KaAblUs U APYTUX 9A€MEeHTOB 3 AMCTOBOIO OIlaja B YMEPEHHBIX U
CeBepPHBIX IINPOTaX ABASETCA AAUTEABHBIM IIPOLIECCOM, ITOCKOABKY OHa UAET IOYTU MCKAIOUUTEABHO 3a
cyeT ITOYBEHHBIX MMKPOOPTaHu3MOB. /auTeabHOe pas3Ao>KeHMe oOllaga He I103BoAsdeT D(PQPeKTHBHO
BO3BpalljaTh HEOOXOAMMBIE DAE€MEHTHI B IIOYBY M COIIPOBOXKAAETCSl THUAOCTHBIMU ITporieccamm. Takor
npoOaeMbpl He CyIIecTByeT B TPONMYECKMX 004acTsax 3eMan, KOTopble OoraThl pa3HOOOpa3HOM
BepMudayHoit. Pasananbie BUABI 40KAEBBIX YepBell B COBOKYITHOCTH C IIOYBEHHOM MUKPO(PA0POI
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3HAUNUTEABHO YCKOPSIOT IIPOLIeCC Pa3A0>KeHus OIlaja. B yca0BMSX >Ke CeBepHBIX U CeBePO-BOCTOUHBIX
oOaacreit Kaszaxcrana m Ooapmienn yactu Tepputopun Poccum 1o400HBIe HIPOIECCHI  MOKHO
OCYIIIeCTBUTh MCKYCCTBEHHO IIyTeM CO3JaHMs TeXHOAOTMYeCKON ©0a3bl A4 ITPOMBIIIAHHON
BepMUIlepepabOTKM APeBeCHOTO AMCTOBOIO OIlaja. Ta 3ajada B COBPEeMEHHBIX YCAOBUAX O4YeHb
aKTyaabHa, HO B TO Xe BpeMs JadeKa OT CBOeM peaamu3alyyl Ha Hay4YHO-TIPOM3BOACTBEHHOM U
IIPOU3BOACTBEHHOM YpPOBHAX. BmecTe ¢ TeM coBpemeHHBIe CIIOCOOBI YTMAM3AIMM AUCTOBOIO OIa/a,
HanpuMmep, B ropogax 3amagnHoit Cubupy, HeAb3sl CYMTaTh B AO/AKHOM Mepe palllfOHaAbHBIMU,
HDKOHOMMYECKM U HKOAOTMYecKr 000CHOBaHHBIMU. OAHM TOABKO TPaHCIIOPTHbIE PacXOAbl Ha Ce30HHbIN
BBIBO3 OIaBIIMX AMCTbB Ha IIOAUTOHBI TBEPABIX OBITOBBIX OTXOAOB MCUMCASIIOTCA COTHAMM
MMAAMOHaMU pyOJell B Iepecyére Ha He caMylO KPYIHYIO TOPOACKYIO ardoMepaumio. Bueapenne
TeXHO/AOTUII BepMuIlepepaOOTKM OIaBIINX AUCTHEB, peaan3yeMbIX HelloCpeACTBeHHO Ha MecTax cOopa
omnaja — Ha TePPUTOPUAX CaJOBO-IIAPKOBBIX KOMIIAEKCOB - IIO3BOAUT CHU3UTHL 3aTpaThl B cdepe
O3eJ€eHeHVs M COIyTCTBYIOIIMX KOMMYHaAbHBIX MeponpuaTuii. Ho camoe BakHOe aa’ke He ®TO, a To,
9TO 604BIIIOE KOAMYECTBO AMCTOBOTO OIlaja MOXKeT OBITh IpeBpallleHO B Ooratoe KaAbllieM, a3oTOM,
KaaueMm OnoyaobpeHne. DTOT IMPOAYKT (BEpPMMKOMIIOCT) MOKET ITOCAYKUTDh Tak’Ke MeAMOPaHTOM AAs
BOCCTaHOB/AEHMs UCTOIIEHHBIX 3eMeAb C BLICOKOV CTEIIeHbIO 3aKMCACHISL.
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VccaepoBanue BoInIoAHeHO mpu nogaepkke IIporpammel passutust ToMcKOro rocyapcTBeHHOIO
yHusepcureta (ITpmuopnurer-2030).

A.B. Kyposckmnii, A.C. baGeHko
Yammuix sepmmey Tomck memaexemmix yrusepcumemi, Tomcxk, Peceit

TomnbIpak 9KOXYyVieaepiHaeri XayblH KYPTTapbIHbIH OMOT€OXUMMUSABIK peai. 3epTTeyain
KbICKaIlla TApMXbI JK9HEe 3aMaHayy TYCiHiKTepi

AHgaTtna. buoreoxuMimsAbK >KoHe arpo®KOAOIMSIABIK IIpoliecTeperi >KayblH KYPTTapbIHbIH
pe4iH 3epTTeyre apHaAfraH OTaHABIK >KoHe IlIeTeAAiK daeOmerTepre Taajay >KacaablHABL Ochl TOIIKa
KaTaThIH ar3adapAblH  TONBIpaK TY3yILIi KacUeTTepiH 3epTTeyAiH peTpOCHeKTMBAchl KbICKaIlla
KapacTelpbiaabl. Kasipri yakpIiTTa op Typai Typderi >XKayblH KYPTTapbIHBIH TipIIidik 9peKeTiHiH
MaHBbI3ABIABIFEI  OMOTEOXMMUAABIK —acleKkTidepiHe KaAbluil KapOOHAThl TYMipIIiKTepiH eHAipy
MYMKiHAIr >kaTagpl. Bbya mporiecte kaapnmit Oesaepi >KeTekilli peAa aTkapaAbl. JKaybiH KypTTapbl
IIBIFAapaThIH ~ KapOOHATTHI  TyHipImikrep  MOPQOAOIMAABIK — CHUIIaTTaMajdapAblH — BapMalUsCBIH
aHBIKTallABl, OyA >KaAIlbl TYpAiK >KoHe IONYyASIMAABIK epeKileaikTepre OailaaHBICTBI OOABIIT
TabblaaAbl. Lumbricus TYKBIMAACBIHBIH KYPTTaphbl ailKbIH KOPiHeTiH, yAKeH KapOOHATThl TYHipIIikrep
IIpIFapaAbl, aa Eisenia TypiHiH KeIITeTeH TypAepi KaAblii KOCBLABICTapbIH JKaAFbI3 KpMCTaadap peTiHae
Oeaeai, Oipak TyMipIIiKTep IIbIFapa aaMaiiAbl. beariai 6ip >kargaitaapaa >kayblH KYpTTaphl IIbIFapaThIH
KapOoHaT TYMipIIiKTepi TombIpakTa Y3aK yaKbIT — OipHellle OHAaraH MBIH KblAFa AeliH KaaAybl Aa
MYyMKiH. TomplpakTarbl TYMipIIiKTepAiH ©Mip CYypy Y3aKTBIFBI TOIIBIpaK epiTiHAICIHIH KaAbLIMTIICH
KaHBIFy JeHreifiHe OallAaHBICTBI Oo0aAaabl. JKayblH KypTTaphl IIbIFapaThlH KapOOHAT TylipIiIikrepi
TOIIBIpaKTaFbl KOMipTeri KOPBIHBIH OHHaH Oip DeAiriH Kypaiiabl, aa >KaAIlbl KaAbIMil KOPBIHBIH OipHerie
MalbI3bIH >KOHEe TOIBIPaKTaFbl >KaAIlbl KaAbLMI aAMacyblHBIH OHJaFaH IIaybI3BIH Kypaybl MYMKIH.
Tompipakra KemipTeri MeH KaAbLIMIIAIH KOPBIH TOABIKTBIPYBI >KayblH KYpPTTapbIHBIH Ounocdepa
MacIITaObIHAAFbI OMOTeOXMMMUSIABIK, KbI3METTiH MaHbI3ABLABIFbI OOABIII TAOBLAAAEKI.

Tyitin ce3aep: >kayblH KYpTTapbl, OMOTeOXMMMSAABIK ITMKAJap, KOMipTeri MeH KaAbIIMIIAIH
TOIIBIpaK, 0aAaHCHI
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Biogeochemical role earthworms in soil ecosystems. A brief history of research and modern
concepts

Abstract. There has been analyzed Russian and world scientific literature devoted to the study of
the role of earthworms in biogeochemical and agroecological processes in the article. The article briefly
considers retrospective studies of the soil-forming properties of this group of organisms. Currently, the
most significant biogeochemical aspects of the life activity of earthworms of different species include the
ability to produce calcium carbonate granules and single calcite crystals. The leading role in this process
is played by the calcium glands of earthworms. The carbonate granules produced by earthworms show
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variations in morphological characteristics due to genus, species, and population specificity. Worms of
the genus Lumbricus produce clearly visible, large carbonate granules, while most species of Eisenia
produce no granules at all, excreting single crystals of calcite. Carbonate granules produced by
earthworms can remain in the soil for a long time, up to several tens of thousands of years. The duration
of the existence of carbonate granules in the soil depends on the level of saturation of the soil solution
with calcite. Carbonate granules produced by earthworms can account for tenths to one percent of soil
carbon reserves, on the order of a few percent of gross calcium reserves, and tens of percent of total
exchangeable calcium in soils. Replenishment of the soil carbon and calcium pool is the most important
biogeochemical function of earthworms at the biosphere scale.
Keywords: earthworms, biogeochemical cycles, soil carbon balance and calcium.
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